“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1987-09 


Standardization of hull, mechanical, and 
electrical equipment (H, M and E) inventory 


Corbett, John Charles 


http://ndl.handle.net/10945/22492 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist sia Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

ia) LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


enn ne eee ie ee nee Ee OF, Rl oP Re BE WOO a OS ea es ee ORE oF ea,F) G28 GF ahs ardgtite SFA cel +2» Doh pet Se ' ' J ie Cee “ ies Ab ope a . 
ft PR y API Lp teed PN, AMC ALS AE teen os dna Bie eo Mya bone allt Aa POSS RANG Nhe ie | HEC A ANAS Dene ninate caldera tontoat ed ote a rs ha 
i " a i 


Ab ier $F > ee PS RS 8 eee ee ee eee ee ra a: Lehone eee eee ne ns carisnedistihe tal A ghosts. re 
= za ’ 2 # Ss s 
eS a PLO LD oO ALBA A 8" Peg Se aR eA OR ARE POAT LD IR BO OE FEI Re 8 caapas iaean hee Nes Aug? gl OU ee ee er ee eo ee | i wet hs E Oe =I é 
J . - oe im. = Roe wt Bs 26 i 


Behn be Saehe PM ache LRevthache sey 


a - = i 
CD Bad EO LS BOARD MER BO Ord Pod RAL Ph a ek SOE PT AnmaeAyOhe-d ow Bike PPO CS OS MEL AE eh Fek 654 Vel AmOeem CONT P © teamem:! ark Rensaian Ret bu wi, <ceaapaena? i manied — cement par — PRL tA Gos, “ ae Ne ge eae Shao elle Sob.08 ApaheraeeRAlhe AR ahs Hniiy Muh sa she Raliee > e “ Re te oY 
eh Pg GAT: Ash M2 AGODA D OMA, C= OF oh P02 PARADIS FAPAD ye PDA OOF OAM, wm 8. eg Olen nth Fad ee ee eee let ae Te LOS A A OG Diya SB nt bale! Miko eed Me eM ac ae BEG AR Meet Doe * i RT a Be i, A wade My Mya Bett Beg tnt Ag ttt Bat Mate, Pg arte phone amr GNI =e A pa oa yy 
FD ante C Ate Monod AMAT Oh afin ROOT Heh PAA ah iLCADNO V0 Ao RmDT tee FLPRAMAM CRS of PAROS A aocee San eeaTCR SEREE pl _ecceaprpgoet high nada Deater Fhe st aghempthah a VAG te tnenad eset | 4A octane =i te brill Seat Aap ha BAUR eTAND Adm By ae 8 YAR, 0 BF De Beit senda Soa -a-tonsen an ‘Aen. gm 20x @. tang tek ROSA PIB EASLNELY “ON SLAY ALONE 


. 7 “ . my abt Ore * ‘ 2 ee 3 \ Os 

hdutnaheetinatnipann Uabmumrnedeldrd lasted ee a aa oe) Core ere ee ee Potatoes hay roe eee ia ee he pers ‘ : — 9 - : none ori (uitigksmgtiet , 34 A led Ae etka Pee Nn RR hada ANG PARTE PAI BMAG An Mot 7D «- CERGApd I 

~ $ ’ al . rer. ry, Real, alli OBE 4% BD Ma et Bers fede TOP Spat bk. Fo “iiasipe we on ‘ a Ce etd Oe ee ee ES eee es ott tlt NG rs Meath ath, Rea = neat fl LO Ata AN 

RR atl Oe PIE MOPAR OR LOTR IIB EE we on 8 oh: fi Fa Onn 828 CBORD EO AE ah ADOT mm of Hanh? AE-ROMA He 28 OK Seid Me R A yeoe BIN TG BiB Gmeba lt Rnieals om RR Peel farmenas ee eal i co =3¢ an ~ ae ne Ae EP een ae ioe @ [MTS Yt pn thei denrtastte te Cal Ae cht Arby eA Los be AN emore arate ta Pa eT RET re Hort TT EY DAT rand a ARO 

ae Rah ne oP et RRA DES WE OT EA ee Oot and) WA oo al am ROLES BONS HOPI AS A URAL, fabs © de P coke MoE HL IM oh od  Iopmuahoneben tied mae 1 Paka h A" 9 al Awana Mee 0 of be, he owen Pe BibWe Amie satus prema son a Pi iekenans .smeeape Alita! acer Lierenetnagio-e rere ener ar ere ec ee TNR ts Gi Gp AI ECP oN, op Di Renken LON SuPer. BLO Ds Rest 48 AGERE HAA Em 0 NS OT ORNS ancien aio 
aay tale Av Mp Ode Ast glllin— Beal Poh aan Pee MO om _— ~ teal Ae Ney Aetna ee ee a ae ee TY Me EH. m = m= afin oe ahs ry 

FA ORD RP ated FARA LD Si Ot RA oh WE OB OIE KPO RE MLR OW Boh 98 -LOL EF RENAL Met G.01gE oR 5S Mak mult MRD, oh mtd ALAS SAT see net MDM ate: WA cA AON AE ALN. Cae ih ad «fle aan su near mei — $= Ame - Fo A tip arab ahe ohn DAL MORRA (Laney Mihi eh 26 PDA Nee ORONO MANE AR Lert Aa ith heen POMPEI IO.) AM arbeyieBuslp, fe F-Moad Dales Se ee again Rp BRASS AUR oy tenEne 


UP - be > al » . z 3 a . 
8 ‘ Radin Lemont ORR. Bre of ReB I oa ledning Beatie ® en Soden ak p@eeytip abvttm Metin. BelRriiy Musa Oe thas ehsh . Sa ooASy AAALR see Sechacete Pear FE ahs bs cb, Ros ADAL Re BSPADABIREDD 


: = ‘ J 3 On: 

wah eeceaaahiane-qupeapadebduitapan anette) -anadhoaittan mean at dademlanleiathedsn ddkiet ten aihe last ee ee te ee oy oe eee ee eee DO Aegon be 8 ty NOME Breyer ake® . —_ ota iA earn aw : en earn detlhgnt neg DA ARP mr oribAipSoaka Bele deve daca tht codino N= MgO AMGARAL ter a AD, HOI ADA vedo MTs Ro BAS Uae evigttT AM Lari Seapets 

pvecsay at A ot el a Ba Al POO REM OF ah Meh OAL VIF EVOKE ODM GD At OOM 2A, AGRE ABS oh DP Dh ADS CAMO AD oF GE LO? Emre tnr ee | DERI cmeONOi M8 UR AM eho Ponte Re Ret PE Tag, GMb haat eae Sh ioke erererreses hee tereyT i) haute: SS Nae ee ee me etn © to eons Eo = pA eR Ee Rae pepag 

: AO aA oe RE PA SoM SSO D REO el ROP Get EWP At OO igF oh Wate SMA Ry REF O08 BOCES MVD odes MS tad) A fledy-a nF ooml oF MERA Seater tebe Me APE high Reo fas ID Cede f) FA BOR MlAh RINGS mihi meer nell NR Ame FE ig Reb Rrplbelial ites nmie i = _ BI, ome aa 0 mental — Re Adan Again UAC GAROTY Sm A>vahe-Uap ena APD Wee Alesse Brea neer gece VOGUE. £7 A ARa eeu eme Pee Tr a ahed ra 
és a ™ a A. . peeb J ‘ : ° 


a _ wl ig “1 igtote lls y ba 4 Jat 2 _ ~—" = — he P » 2 : 
8 PPL ALAA LEM Gt Be PORE he 1 OBL 09, ON BF RD rth POOLE RB DOPE hi ylP gta ipa tle © ARP MRE Oa tS ate GORA vat edie Bok G acim aah ming Ln Wesiate VM MiNs Atty te WEA eB oem Mie pe, De AIA RN me FR aa ae Dit He Rah Ae a: AeA Rpt ama ke SG ethno ke Ryle habe ied Sadie eMart a Billy Be AbAalieAaA Arte hee sate te A Sarnnn eee ASAP wan robo hainsnosgnbeeeapn hast tat 
x FL RgPo alka at Re 8 eAR dhe FENG E A Raatags Prk Da ft 198 MOP. Radeers, ATA OW Dade Fa AEF Piet NAR seh Bes eA mee tinelns 4h at ® «oil POPE APT RAPA ILE OTE _eann heeittnie Asyathe Preipaay aaa Spathnsy Aaa R ADA AANA eR weil RAR PAR AREAL halle BARERN ate NAPE pectecyee tap A Vi pad AAMERA, Te. wu he Ra Sok MAAR! 8 

pod ete NEB Et cama POF RECO RTO AE: Aa Ak Rak PRN I! RO Oak PP eh Arne Aad of 00 PA OR OE BADD RY ROM aly VON Mion ORB tN Ae Mh ten Bee Me P* RA IP) Re On tent din & able RiedR® RAAPGupi 3 — re a 7 ‘ - : Ad ore MN NRA A Lanta 


g . - "I “ : 
amen BAROLO LS BR oe BOE Rigs WORE FAD wt, Geta yl oh POA. AMPA Be Pen MAR” AF Pe te. O eevee oe oe 7 . Bes Pe f e 5 
Det ' - PE ats Py POD VE OL AEE re RTO ee SH OEARE SHE HG BS LT Le OP Mahe Me BOT Spt amet, AL A. AP an trea ectapiint te daetn La , 9 : - : 
A ee LOD OL uta A 0H oO Ol DE PE NEE AAT neh A hl oP am oe A IRBE NE offre PB AE NSP ne A NBL OF EE AMAL EM Mehr: ETAL LILLIE rn ala Rie Sa Mel Raghe: face GBT 2b MinMig MoS Rraqn tlt nf danagin 4 ANNES a Aine ge tony Ae ABSA Megiainin Ber Reet Ry te Aeon tender Fee ema Pe. gta = Toll 97 APIRC RN Ee neprant panaak 2nd fat MescinAPa 0 abe Rave aActfunste Pe sty oe omSPel 
eed oe al F : : aon 


Ne Mel Or ah pa Rs . I al CRAM ARNE ER OM ae ith oa Ei OE REE ORE EA Oe Pees T Reel hh Fao F - oe ri a : 2 
et Ta AO, one ABO LD ADD ph BAF CDGE BAA AAPL = rethink aw Canto Rite anet 2190 en tAbt: emer ete De Ma Vighfh efmatin FP ih Sak Defeat IO Ne RIM DBM hei Sy Bp Leet ie BP nee GM mee i tal MiB a So Feta Lat Ae Nie AR att ree ho li Soh ped hitde aaltoneptgnithlatantesl rmnnueied ear oO Rt Bed Ne Aen ORC AAD Reeth D allel AP TORE Ste Ge WALI AGA BBE il Ay : 
: is hi, ae “ ~ alo 2 os 


sek 8 OF COE LL ENTE AP GL LOO RL AP eR He O8 cs P RiainOe Kas of Mali ROMA Ee FARM MDE am Rail RATE ON eh mh aT BN OD ELIE ATO Re eee ave so ; : ; om z 4 AUR ean Re Rarer mmm seiistvodd & V-sesel shane 

Se pee . pants fe 5 P ali Nani “Wr6 alt) - Seah a 1M 8 ago ah ntti Aa Oe paertintien te > POR Orrin). tate nal elke mob 8 ea. Rea Re a SRN, — pce Rg cage dD ating Ae © egy Ub ineeg Miaict As. . = ae 2 C 

ernie ~ bape apiieeh lane ORT LOM oral Mahaqodeiel VO MahWtnl Meter Fate gehic ts hel sr 20.8 Aw 6 KIO ILO OE remy VAN ON Re ine OVO REM E RET 848 Aaa OA odo illnt Stn te ee nge nM Atal oa ie Saag APS em Sepheay <acattetpena, ——2-oR. UL. (ARMS ete antes So Bo ae An nS ned a Neamt =O a NgdA My Peds Raha nbtner stehadn-o-A LOE TD cas tamsmewabeanbe hte PrBinals Lapemeh see Sa Seine. wes de! 
FO OM inte bulppirwtbab-ianelonoteed isabel atime talline pmo elope eebananbanhag nd epee parewad moetirad ibtammapem cdeeatomecloanadtun teteed Poe PRO RR Mihm RNE Fr goth, Uy Biinlimge? ree at Fal Uoenpiief vs tment mas Acabean ihe Rapley JAD er thee omit Pent nctien®? 124 See ot ee IRAE, +00 Ade cea At hn Perteac Peele ar ie NRT LON rt PGE ORG IR AD ph, Sho: Bpahatba hontai t hesteoie wR) 2 = = 


mera OR OAR BOP WHAT A Re aint hat /rig COTA LE «Fo shat C4808 RAAT eR ABEND oF eREaR Am 20° NS eeiAde. elem abn LRP aye pe pa RM GRRE Anda nena Marnge Ramgme & "Wack Rae che cahoots seen ie manner ° : S ; - fused maieeelgnll 
MOOI LE : a asl ah te 4 lien : : “ “ ‘ a oo ee Ee len Aneta Ami rel “ay Namen ntl ag? meelinateen Dnciineen celts mailtgiRe Beps ut OD seer mare a x > a r 
PAP PNR A 9 98 OE PT tet ee RIL ORAL oh el ohc¥l-of Konlts? AB does BY 6 OOS Ab 26 IAT, nin 8 Behe PUN iP 1s PAS gANAR Drm eae Re LP Me Br Meee AR. yodnns RING AIGA: Pacnacuer os oS papahaacdcomanaanegnahenetaangmhs tise page mactabeniinasiengheneatter tatteaat rates antowan A tincen pty onaeengetegningeebent See NES 1 nape. the busbiensinnetn nade eM ctaletiaite Met Vk edeods Se ee er nieneua navies bpavAavertaniy Seaatel det 
CAO i ee eck a: Feat oF wR AG! AOA 1 ES POI a OAR HO ORES isa ot pt.at eter OnORe eK eFemen eter tict emit yO Hee ph eth PARSnP gh of 9A ANd teehaeAB Gta Phat he, 8 = RRM EMER -AtWRR ay voce hen Riek hy in ior oath ea ee z 1 Pernte aaeicae cas hath pefteninhetuen b-tap? 0's he bebo" pnlanipe be 3d meht> Ata eet hard Ose ToL REA GO Rel by Ne Salas ASAD Ne AMER “AB AE Shere Daf nme nn dese DOS me — oe a mat tag, anton tinmnnans Rnhad AEA 
ED 8) EE LP EP AO Sa ett eat PND SAB Ae BER ta cle AP oh 8S SO RBAA TE & ete ON A Ml PEER Rel UPC EN Be Pig A eh BOAT A HO ROB A LER SA PLL AROS teres EAM ee pet TE: Cho a penton & i< * = =r Tr aaa aana Geis — eae + GRE a : y me hte ri igre Rare yor adress i 

OO whe genie DES Ab iD Pls E OF Ah sl tet trig AE Ltr ka Br % 6B: Port sh GAP Onin O98 APE Kak eF nly RKP of a Cate ct minR af BED 0 eAahn tn MP 9, 86 bp eeet tee. Selah ot. (REO BORK Ga ATR tey  & aff aduad oe Levan fea both it! PPE AS, ppal>tlertettte-the RiP =aaahoussl pone he ee A pin ap Date 2 Daaton > Vater Reae sored NI ests ing m- pRsnig ine ena 0s Ne RRs TR specanas dant cPottenetsmcras ddan Aha 
AOD LR ARIAL BOYD PB Oh PERLE DAE AARC AL OO HL OAR a tl a oh BONE BryicrhdAm DO EROVO RCT EG AL EP GAG ME Boal Act gD ALN CS 088 Be AML 80 GREP BL” PAP. A Arn Latin ha PLD? on Meena mit on Remap: Manage Kyu SPA Ba Par REL PHIRI en ne och treahoronden atte ANB Bed helt tna Ban MB Aosta osbe athe she tpi CAMEL Bat: reariee Ie ata reat testnnten 2a OMe Ell n WA ERIS 

WO ariel ate Cat AD ANA RAE RAGE Wi aA aE tes BUA La rial CEE ERI Ce tet ate EAE PR ee 1h 0 Can ate on mle gts LOL Mi Ate Pn Ot OEM PRA OIG ete Sgt tetbeNind ARE MUIR Bett trance wucedtrmt Ren onPtnn& oPiperpeaamhonahhntn bet Mp Me Ronan a. panne a ed : aaleptabe 2 


+ Pa ! o- ‘ cy 
poy ererts aA a AR oe nt entendlap chert ali Reape Ma Me Alanine Rect Reheat etter parce eamtipatly eat 
2 S ee _— X - ° os eine 0.28 <i — - - 
Peete aot regia re a eae OTE ee errata bimely-aregan.gnthy Anat anaandas-Liboaga-QaentinrOamyootio: me ty Mateos 20h 5V 


z - Ne ne a | Seog . Me wae . ~ 
OA A A wana A OIA PENS APD eel A G8 oF tet A ALE AP ILE TMD Fo BOTA. ALAS the DOR oP af of eB OE oP a ted Om Goi  8 IM W pS RAM BM Be WF WMD O89 hein eA cinta Bee Rael lil tein Fos Bante Cele rppabaphenfos 83 IP opti 8 ON pon eh >, Nepean oma a AARNE: Seley AD Aly Ah meme dep Ae ha prea tes 4 GERCTHNE DORA DNDMEP MAE Lt Gym MeL-AD BWR, 
= , e ss ia * " - = 2 


me Em wn 
ee ee a ee ee fi : . : irs . pan 4 4 Retimm Revie Ray ea, Cashaed o Spat Mirne ates eM wtem BORe.8 = he Cpebets OAR B edNG TEs Bt BSF HI Sm 
ee ee ee eee ee ee eo < 2 » wens 2 oA e i Sarat el Abel PELL . Be ne tartan diane Bet hG Rca Oe at ARNE Dae 6 Aa AR 1c ea ie te Rrra mot 
e Oh A all Be AB 66. = AAS 2 © i BE. OBE GP HARE eile BTA aA DADO bth AASDE CNM Pree = Koi D Me ARM ee Bat PE Aan RR beatin ES hl dalton gle a muas me Bae i- 4 aé Uptark ap pep ee tee, BS oe eta aah he Atte tiprmta ehh CR anche get Api cR ed = St Uhei hn th, @-anoda-n © Win Rem har Bee emarbo Pall sAedactast 


s 7 * «Me. * bee 4 LJ > e 
OR el Am ae eta ale alte oh sR A ene het at SD Om PF AR DWAR neti ® Ott nO REALS RHE PFA eee e EN eol eB a Taaek Bsn Famke hey boa LOS Mica PPD newt nae EAN ic Bagh onl whic Beales or R 9 Wy tenn @ witle atee Bastne Ney Ot te tn Bhi » si pte tr tg ta natlt, Phat aia oaneea’d a Doo Meet Nee ome aiiaethge Nip sae he Lia AR TED oOo Aes LRAT, der R UE RA cae anabaie-teristasameeraemn? 
abot Aree na apt ® LS Reh, NR re irae Re Mpa Se hil Tali on. tte Oe O a . 
ee tye Reh. ORL PY ONe Dotnet 2 Sekt eee cams Te te Da ORE 0 tole Ya. >. a 9 ene © 
9 Sint me 80 er) Let eam epi siety Tyr Rae sy B.D mee Op Wee Sp APR He t tatom 
phate taPRnieeARCMay. Salil Aap naam en empinraipitie panther Rest ar dp Nts a Nt RTs LOD AOD Binns OS ATT OBIS Lem AOU Neagh unet tie TOARNANGIS WANS Se a asa, _ eemangqnmerne D2ere: eltouns 
ee eet ekg, © sig Samco at hp great = ip Lani Mera BALM AAS IB a AN yi Papert Goh el a Otis B44 94 Sern Satake MP, 


PoP Pee lt tees Pathe, oy . a satiated ar Oe Ce ee ee eee ee 2 adees tateleten fae ® 
ad ane! PRE ae paetemnterrsh OTD S WOVE HOES EM PE Ein oE D OOF, , 99D Bet TRAP Wi a hh aE oH why a PF alae ATER Pe Be hfe A Burch Riltt I BR MM a et: MnP BM Bic® itp PD lett tM te ates Mee Coney a ance WW + Rey ant 
tae , . ' * 
Le RO a tt TA Ob SA a A al OR ta toc OO eM wth Bt ae. at eh ae oh - Se Ah heer S iow 
. onal —e 0 99 2 C2 C8 a EE et ot hat OH ae Fit Oh EEE LLB S CD MOP Oh OM BOR ROLL A RUM EMAL A OA Te Me em MMe Pliny ele Begs bre Macrae em we “Pe vol her 
7 > Sy = 


ate 0 Aaah eter oe gar Re D Oeeest a” Be Sim Va ew Boren Mieil 


J 
i ann are 
. . pects - * im - - ee ee ie « algal BERR ce Ae UA iam Atl Be Wnty ie % , ¢ 
EF OCCT AEP 9 NMOS EER RAT OE OD P< AO OE WP VARTA OLR GARR IRA Tren sal Bt SPAR gen Act bOI Oe SMR Feed ain Basa ANcao™ IB sina vinhnmneh -£ o& MryFrumtnnwernity nwt. mare Pasipaeaeht aeaecaemmned F aa danas aaa ecoesiae et OND EME eet Ne ANNA el ATT RADA FOOLER IR nie athe ihe REAM «CRA eS Wicwvons- cle etPOS TE 8 ge ea ee sate grea tal IP Cates 
fs 3 - - os Rats re m » —— 
. , “ i, — 


er ay va yar ev fare tans  eay een an PO TO ne ae ee fr et wy eee eke Wea Ne ener ee 
. “ a ea 


aneter. © = : a : “i yy eenwer ow) —— ew Piero + —i- wo a $ pat = 

SSS Lear ea PRs PA PRL IN EL a os Rt BONAR DAIL DA CED Mat net toh (= i ame esate ony tmel © CAAA AD AH oat WOO estate $2 at WP oR netiodar aoe ol a Areata taf AGP as Ft Fe Oren args = pane Sart A tag Sealab geet ag ab Aten eaten tat Fo Cheha Mee ORES. 3 ARrda er AS > 2 Rety ate MDs Rahat BE he BORER, et em ere te Sieg De 

sgemten — Snares —? we ART ew RINE WON AT Aha SEBS PAAR OTT EO GEE Ono attr OLRM ag R PRS Pato — BOR 4a FEE DN Set oA NE te teph Baneemoamemton 6 | ¢ mr unm ek ood he Ones or ee ee eee Yer Lee) Nee Rael Ry BAR BAAS Ae So Bek Ritu hy de Gnd MERE EN eile vO i anne Agi Ohy Ue Been thy acer - 
LO LOA EOP A A AE ADE A Aa GR ma ae OA TL a eS Gee Rd ei a BI OTe Oa aN P ANGE SO OATH: Mt OF ASRS SIMBIOS ally A ADRIMIAAD GL ili CEPA ke wet OE agtenMet ee ers POOaar Tiesetaation i = meh agate wi Stelde eet integrate apts Am RAEN hart % a Car Ddhg FER eee ree Bem hPMmerh eM INS Ih Su gta As Bs z 5 Satan eh = he Jh2 Re S,9. Le Nn. de A tes PP 


. & I 2 ifm = » ‘ ™ a = . “ty —e - ie se 
AT AE A RG AP LER PLO AD OE OOF OAD OF: IN EDOS, B AD Ot DIAS ERIE ELAR P20 BOE RD ORO ALR vm Oe BOL FAM HP Matron OOF MIer$ wong Mad oa hatte Apo torent ROMO yo nanaton 44% SS ee nee eee eae ll ag etn RIAA) ena ete em ReGeGAR AAEG Seta yp Cin Rpt AGT Ot aes BP RINE ei MFRS ECR PELIT 2 ABAY, Te eM GE 
7 of : @ Par y — ae a 


oan fs sm Sion 

pera need: apm Oy APE R t Te aM oh Go oto A Be BIR An mgt a atheamt f Braete wo il nn n an . . * : 

Lye e phai-pirertnmhaamnisinabent ueegieemntnah aeaiel de cele de oad a ee en ee agin a PF we a Bam me reg ee Sete Bye ree eA LOO Bata OAs WR we mghe Ue Bap rales aecuaeleetncnhbaih> antag tinctantatpstepaltintareasaenlgne asl <a Homan cee cs nome oO An nO 8 AYR Mame GSS DMM Ia tnd Tome ay LSet on ANE a 
e a ¢ ~~ atta ome c 


¥ oy - 
a 2 ’ = 

+ ° CE ete ee Te Sd ah bm Aw sme ft ee Pe eal re on we ” - ede 2 ie Ste Ve om oe B9s I ngs Neatly. (ARS gfe, te MV am @, ee oe OES LOAM s , a ne to 

ee ENR BNO NNO LE EOD A ALO: GOED Pe EE AIP OA. ott oe POOL OH OO m BORE Ae! arte DR. EFC Lhe Am ORR PR OP RRA Bm BB > En hean Rah APB onmomn ap on ten vdiGeananeh Piiecverenbnsmens iathtinapeds betain tenant tal SG Suttapmshmatyente Lee dess inp eotan ct stage tte tal es te eeap? emanate Ra Raia Pies Aes PONS RELI T: De DEEN Che Ate Wallonia age Bumps patty Hata se eftae Reale FIPS BVT 

Oe Ot a al, — - abet siacesill on . Rene nc ce MGT Meg BaD aig RARE FRY MaDe Aaa. mm chne ade “SR Re ete &- Se ee Ane artgm' 

: | late atinel Set aD Rite At OP 08) Ree ata aE ee CA Sed ae ot ah P8 9 O 2 Diem et RARE CTE Mal Lit, mt nse DAMM RE y UKERR Aho PE net) Qa aR A edna es OF Oh fom Ghnediaty nt fn ~-"_ a ees ad a eee 4 i At toate tare PY got Ahem iy APD ES Be PBN WIth Ahearn tere at ewe megghiat seer ay™s trbe Ren Mak Ute Be 

= ~ _ Cis -_— « oe _ - mo 8 


—_ Ee GO Dawe Fe ‘ ~ . am = a alla - a “ va 
: = s . Es n 
ee = = \ colenemesisuannsibanteatiealediambemmanengutiamentunmanianddenstiialamecaL a eee ee re eee ee af es ok ote Rahs Of Rud ERs. 09:0 mierAten — ea A Se -elligataree cation tym bar r— Be Fee A Gt SAA PUA Ree a PELE ea gS AR TN AOU RAR ath SG ICT AF 
2 : = . a = ss 7 ey x ee ety er Ge 
AE Re aa . a ow ae. a an wet eter Ey @ Realy ee ey 22 PPO CSP OMBS 1D “UM Re eran cen Hato QE RS Wi nwe he 
ee ot ant CAF el RONDA Gt OS, Tem OM PS UT WT A OF Peak) OE RRC aD RK RPT e ES Bat OOO OG alt enh oh oP RA Or ah esi k DM otige alahot akan ake Mim - Mae feat ta me, ae Moe pie, ne — . ae OE eter A AR irs Pt ete “Aen om = ha Pn m i - etch Tah Me Oaths Seine By Rees MGR Rie yh pity & rodve Pesca Sete Rag ter Peabartow 
naot — ohne ARR FE = = - " = = 
amo ore Cid ps * 9 et Ae Rat ee DPCP Re ener wo RAI et Wi ge tt el Oe. eye tet reageer tia Hyer Ngee Cares met ae a = 
a a a ee ere ree i ~ ume ey teresa i er o aE Rctaty naan bey Nain ter tah ge Wy AAO Tyr arene hatin FOF bab ewee MT 
~ ed apne Nee PWT Le PRPretnggr PL ALO het ag Wee ot on m8 ae ih eaaKaiy plete APRS 
’ 2 (Oma 


an weed a i 2 - 
hstanielbagaleaebsutasaiet odenmaaede rer Aree a2 OFlad <p Stag orn SF WN 9h gtamtgnaln Gr Gully © NOMAMNPACOl ee OP gl eb hal po eTaRD RELA eign es rons Vhs PasgPrars Gal MP ee feenudl rer - oe ae : = - TO Oe pee are ee oF 8, Syren Re mp ems Ss 

Ce Oe al a” ge al A ag BA ORES Ae eo ot Me LGD ERK el OE DEP OF: RON Bea K = DEO OE ERE Rian ane nelle hoofeer er LR Aah APES RG Fm Bers eh ye ee eet ee ae ery or mae ate err He Ae Rete FR eR A IER Re Weippe Barta. Reiemarte = 
Nt oP aN” el nner o> eal antl EOD A A Oe Be ol RAO Aa Amat ol” Ag ened: OCR? Ob iy Bates we OO bb AGE? 9 PeGalins een CRU Ree Bye Pe eh Mees es 6 te® <= otis a acai gt? Ange > Sigal eerie” = | ' SM Oath hans, oe hae te Rp Ane by es oe ep Bad paler e)* 
: deh ei a ened To Lae arn we = i ii een of = er ens ante: git! tetas Aner ge oe 
. . “a 


* if ‘ i 
ett ten he Bn Wet ieltey AERO Re BRA TYAS OP's iG be be REINER ee Te ~~ 
a OS OE tA tg rer Bl al RR ew re, ees te BEE AD Rute OE Sima gt e re, 
y PPO = eh GOP ere fear, gh OP PLLA IKE BLOM A MOREE LE re ae ate a = _— oun 6 o ato FAUT OF - - - me 
: “2. ‘ Par asn . 5 
- we Se ete FOOTED IE Bae PaMe DEE op ligt weteene, ot m_ ae - Det PtP Ot Ney gO I wn ag gan oh ae ee eee ed ee 
* - 


rc - - ~ «tw wee ~ . “7 este “© mune - 
ee FMA AE BO et -> SF at yw a2 & ate . ere ot. .- ” 
on faux —— - ae = o= ad ee a = . i o.2 * ~~ 
a ‘ad . 
. 


x a ee | ee teal ee ag FO FO al a ot Ae ee wm ms wee aor 2 oe A ee - - airy 
~ ath alle ps tae ihe Metin e Hane PL mse OP ean Pa ng OE BT ge AE ~s wee ae 8 a ee ee ee uy - P ~. - + 7 4 iv - 
ae * . = C aT S pon ss Higt 5 ont ’ ~ & - So are me ern nemennn tg 
weer ahs = ahepas wy ior ew | eane idee eh a nee oe PIES mas iw teal tas Sera oe as - pea . -_ . ec on, i . a mane : pie eres ye atte ‘ 
ee ee ee whe a ae wena en ae el lee a= ter Cea er let. P Hote 5 - nites 
ge ae mg CMR! Sar AOE mr me wet = ware oe - waneres “ tu aro soa o. 
‘ 2.4 


ay “ 
. --  wahp* tite inetd 
« ete © tee eT 


= FA a we ohQe 2 Ba 
Bie = wing *¢ 1 — ate v atmer ewan « 


n 
-_ =. eee eee Were 8g tee we ee Ceres an or eee, 7" woes 


eherse i ” ws pn ” re as coe et ae ree 
— = 


= ‘w~ Ow hoes Fee a= a omy wo = : , . - 
Se gee ee = fits eT i : - eng i, a Se re a ee ee 
TNO BT ee A, oo ane gh es ow aceite ia ope : ee i ; 

eo = Ce tee a Ke ere 8 en a -— em wot gem - meters © ae ee 
ctnasih ated hd a ed oo of <0 Pie sam - epee on 

SOF Re a Ore a er ee a8 a war eter ae me» ee ee ve 1 eruryn = 


eS 1 ceien elastin entnniandl 
e a 


wn = . ’ 
»e ane Ame a = Ne — Rafag ae we tm oD 7 = te= 


~ - ue rod we - "™ & » crew . ws - & — . ot @ atte we 


wn mw = al - 4 dw oe . ne ae ~~ * ay s res i . - = - ta oremrmy Use £ = 

- . “ . ~~ ee = we 8 
- et ” . wramte - y ioe . Zz . CANO 
nea on Oe a ~ a ° = ” satg «= <@ we -_ ‘ z ae A PE, st ow * - e Zee me mtg eg nde teers wo US ~we one 


9 Spe eres eer ee tee Eee ES We 


” 
2 aw -~ -- ore “ - -— @ ol ot * -_- a ae ening = a er police Ay cea 
one we Fe 7a “ ~~ “wewv “-« a eee = “ sic a = P Fae a a 


=e 














NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS. 


STANDARDIZATION OF HULL, MECHANICAL, AND 
ELECTRICAL EQUIPMENT (H,M&E) INVENTORY 


by 
John Charles Corbett 


September 1987 





Thesis Advisor: , David R. Whipple 


Approved for public release; distribution is unlimited 





|CLASSIFIED 


MIRITY CLASSIFICATION al A 


REPORT DOCUMENTATION PAGE 


STEPOAT SECURITY CLASSIFICATION 1B RESTRICTIVE MARKINGS 
UNCLASSIFIED 


SECURITY CLASSIFICATION AUTHORITY 3 OISTRIBUTION?/ AVAILABILITY OF REPORT 
Approved for public release; 





SECLASSIFICATION / OOWNGRADING SCHEDULE distribution is unlimited 







BERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S) 


6b OFFICE SYMBOL Ja NAME OF MONITORING ORGANIZATION 


(if epplicadie) 
54 Naval Postgraduate School 
\DORESS (City. State. end ZIP Code) 7b AODORESS (City. State, and 2!IP Code) 


mterey, California 93943-5000 Monterey, California 93943-5000 


WVAME OF PERFORMING ORGANIZATION 






val Postgraduate School 









Bb OFFICE SYMBOL 
(ff applicable) 


IAME OF FUNDING: SPONSORING 
RGANIZATION 







9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 








SOORESS (City. State, ard 21? Code) 10 SOURCE OF FUNDING NUMBERS 


PROGRAM ; PROJECT TASK WORK UNIT 
ELEMENT NO NO NO ACCESSION NO 
iTLE (include Security Classification) 


ANDARDIZATION OF HULL, MECHANICAL, AND ELECTRICAL EQUIPMENT (H,M&E) INVENTORY 





ERSONAL AUTROR(S) 
rbett, John Charles 


TyD~ OF REPORT 13 TIME COVERED 14 DATE OF REPORT (Year Month Day) {15 PAGE COUNT | 
ster's Thesis FROM 1987 September 167 


LPPLEMENTARY NOTATION 





COSAT! CODES 18 SUBJECT TERTAS (Continue on reverse if necetsary and identify by block number) 
at SU8-GROUP Inventory Standardization; Hull, Mechanical & 
—— | rr t—CSY Electrical; Standardization; Inventory; Non-Standard 


er nvenso Q 


BSTRACT (Continue on reverse if necessary and identify by block number) 

Inventory standardization can increase parts availability while reducing operating 
ts. Although DOD and Navy policies and guidance support standardization, Navy pro- 
ms have not been successful in minimizing nonstandard parts in weapon designs. This 
Sis attempts to identify the supply support problems caused by a lack of inventory 
mdardization and to determine the extent of these problems. A model was developed 
estimate the costs resulting from non-standardization of inventory. The model 
constrated that through inventory standardization the Navy could annually save 
lions of dollars. The savings achieved by reducing nonstandard parts and consolida- 
ig items with similar form, fit, and function can be re-invested in inventory to 
‘rove depth. Finally, standards offices can make a substantial contribution to the 
-uction of nonstandard parts if given more authority in the acquisition approval 
‘cess. 






STRIZUTION: AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION 

SNCLASSIFIEOMUNLIMITEO  () SAME AS RPT OJ orice users Unclassified 

NAME OF RESPONSIBLE INOIVIOUAL 22b TELEPHONE (include Area Code) | 22¢ OFFICE SYMBOL 

fessor David R. Whipple 
ORM 1473, 84mar 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF TiS PAGE 


Allotner editions are obsolete te 
Unclassified 


Approved for Public Release; Distribution is Unlimited 


Standardization of 
Hull, Mechanical, and Electrical Equipment (H,M&E) 
Inventory 


by 


John Charles Corbett 
Lieutenant Commander, Supply Corps, United States Navy 
B.S., Miami University, 1974 
M.B.A., George Washington University, 1985 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN MANAGEMENT 
from the 


NAVAL POSTGRADUATE SCHOOL 
September 1987 


ABSTRACT 


Inventory standardization can increase parts availability while reducing 
operating costs. Although DOD and Navy policies and guidance support 
standardization, Navy programs have not been successful in minimizing 
nonstandard parts in weapon designs. This thesis attempts to identify the 
supply support problems caused by a lack of inventory standardization and 
to determine the extent of these problems. A model was developed to 
estimate the costs resulting from non-standardization of inventory. The 
model demonstrated that through inventory standardization the Navy could 
annually save millions of dollars. The savings achieved by reducing 
nonstandard parts and consolidating items with similar form, fit, and 
function can be re-invested in inventory to improve depth. Finally, 
standards offices can make a substantial contribution to the reduction of 
nonstandard parts if given more authority in the acquisition approval 


process. 
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I. INTRODUCTION 


A. FOCUS OF THE STUDY 

While expanding to a 600 ship fleet, the Navy is coming under intense 
pressure to reduce operating expenses. Yet at the same time, it is 
fulfilling increased commitments. After several years of real growth, the 
ships are potentially faced with the situation of again "doing more with 
less". However, the build-up since 1980 has seen the introduction of a 
greater variety of increasingly complex weapons, and thus, this approach 
is not as feasible as in previous years. Should political changes erode the 
support, it may not be possible to maintain some of the new systems. 
Therefore, alternative methods must be explored to ensure that the 
weapons are adequately supported and ready when needed. One method of 
Peaeving this objective is through inventory standardization. By increasing 
the depth of a reduced range of parts, the likelihood of the specific part 


part being available substantially increases. 


B. OBJECTIVES 

The intent of this thesis is two fold: 1) It will explore the problems 
caused by a lack of inventory standardization, and 2) It will examine 
- ways that increased use of standard parts can improve availability while 
reducing costs. It is a broad-based presentation directed towards 
management level personnel with emphasis on problems and issues. It is 
not intended to be a detailed step-by-step plan for implementing a 


standardization program. 


During the research it was observed that within the Department of 
Defense, and especially the Navy, there are "pockets" of knowledge 
pertaining to standardization. (This includes all facets of the issue, and 
not just inventory.) Unfortunately, there has not been any attempt to 
gather the information into one central document. Therefore, an additional 
underlying goal of this thesis is to provide a basis for such a reference 


source. 


C. RESEARCH QUESTIONS 
In conjunction with the objectives, the primary research question 
addressed was: How can the Navy improve management of non-standard 


inventory? 


To aid in the research, the following subsidiary questions were 


addressed: 


1. What is the relationship between the acquisition process and 
standardization of equipment and parts? 


2. How has the lack of technical documentation caused inventory ranges 
to expand? 


3. How does Navy policy affect inventory standardization? 


4. What are the potential impacts of non-standardization on the Navy’s 
inventory levels? 


5. What is being done to implement standardization? 


6. What standardization costing models are available as tools in the 
decision process? 


7. What are the costs and impacts of non-standardization? 


D. RESEARCH METHODOLOGY 

Research was conducted primarily through literature searches and 
interviews with Department of Defense (DOD), Navy, and General 
Accounting Office (GAO) officials. The literature reviewed included 
Office of Management and Budget (OMB) publications, DOD and Navy 
instructions and directives, GAO reports, Navy Postgraduate School and 
Air Force Institute of Technology (AFIT) theses, Naval Audit Service 
reports, and books. The interviews were conducted both in person and 
over the telephone. The interviews were with personnel from the Office 
of the Secretary of Defense, Defense Logistics Agency (DLA), Office of 
the Secretary of the Navy, Navy Ships Parts Control Center (SPCC), 
Naval Supply Systems Command, Naval Air Systems, Navy Space and 
Warfare Command, Naval Sea Systems Command, and Superintendent of 


Shipbuilding, New Orleans, La. 


E. SCOPE OF THE STUDY 

This study limited its scope to Hull, Mechanical, and Electrical 
(H,M&E) material for two reasons. First, H,M&E parts have a more 
stable design over an equipment’s life than do electronic components. 
Secondly, H,M&E systems are not as complex as electronic ayes and 


thus data analysis is easier.! 


1 This is not intended to discount the applicability to the electronic 
field. Rather, lessons learned from H,M&E can be ttailored to fit 
electronic parts. 


The thesis examines standardization problems from the perspective of 
a logistician responsible for supporting operational weapon systems, with 


the intent of improving fleet material availability. 


F. LIMITATIONS 

Unfortunately, this study had to be conducted without the assistance of 
the Navy’s Standardization Officer or her office. Repeated efforts to 
discuss this research were unsuccessful. As a result, we can assume 
that the observations made in Chapters 3 and 5 concerning the 


ineffectiveness of NAVSEA’s standardization programs are valid. 


G. ASSUMPTIONS 

Throughout this thesis, it is assumed that the reader is familiar with 
the federal government’s acquisition policies. Furthermore it is also 
assumed that the reader understands basic Navy, and especially Navy 


Supply Systems Command, terminology. 


H. ORGANIZATION 

The thesis is divided into an introduction, two chapters discussing 
problems and issues, a chapter analyzing costs, and a final chapter of 
conclusions and recommendations. Chapter II discusses the federal 
government’s and DOD’s acquisition policies as they pertain to 
Standardization. Chapter III narrows the focus to the Navy’s jennietien 
and standardization policies. Chapter IV explores three models available 
for determining the costs for non-standardization, and proposes a fourth 


model. Chapter V presents the conclusions and recommendations. 
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Each chapter is designed to answer at least two of the subsidiary 
research questions. Chapter V is structured to provide a summary of the 
findings for each of the questions before providing recommendations for 


resolving the primary question. 
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Il. BACKGROUND 


A. INTRODUCTION 

Standardization is a broad field encompassing design, production, 
operation, and life-cycle support of a weapon system. Congress in its 
definition goes so far as to include equipment and ammunition commonalty 
amongst NATO allies.2 Potential benefits derived from standardization 
can be substantial, but if current actions are indicative of managerial 
desires, then few within the Navy fully comprehend the impact in terms 
of life-cycle support. This chapter is a synopsis of the topic from the 
Department of Defense (DOD) perspective. The chapter first defines 
standardization in terms of life-cycle support. Next it summarizes the 
acquisition process as it affects standardization, starting with the Office 
of Management and Budget (OMB) guidance, the Federal Acquisition 
Regulation (FAR) policy, and DOD directions. After examining DOD 
programs for eontronine part standardization it discusses the process by 
which a part enters the DOD catalog system. Finally it concludes with an 
analysis of the problems of duplication resulting jointly from managerial 
decisions and the Defense Logistics Service Center (DLSC) cataloging 


process. 


2 United States Code, Title 10, Chapter 145, Section 2457. 
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B. RESEARCH QUESTIONS 
This chapter will address the research questions: 


1. What is the relationship between the acquisition process and 
standardization of equipment and parts? 


2. How has the lack of technical documentation caused inventory ranges 
to expand? 


C. DEFINITION 
Standardization is 


" ..the process by which the Department of Defense achieves the 
closest practicable cooperation among the services and Defense 
agencies for the most efficient use of research, development and 
production resources, and agrees to adopt on the broadest possible 
basis the use of: 


(a) common or comparable operational, 
administrative and logistical procedures 

(b) common or compatible technical procedures 
and criteria 

(c) common, compatible, or interchangeable 
supplies, components, weapons or equipment 

(d) common or compatible tactical doctrine with 
corresponding organizational compatibility."'3 


The Defense Standardization Manual (DSM), DOD 4120.3-M, states 
that the objectives of standardization are to: 


"(1) Improve the operational readiness of the Military services. 

(2) Conserve money, manpower, [and] time. 

(3) Optimize the variety of items...used in...logistics support. 

(4) Enhance interchangeability, reliability, and maintainability of 
military equipment and supplies. 

(5) Ensure that products of requisite quality and minimum 
essential need are specified and obtained. 

(6) Ensure that specifications and standards are written so as to 
facilitate tailoring of prescribed requirements to the 
particular need. 


3 Department of Defense Dictionary of Military and Associated 


Terms, The Joint Chiefs of Staff, Washington, D.C., 1979, p 245. 
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(7) Assure that specifications and standards imposed in 
acquisition programs are tailored to reflect only particular 
needs consistent with mission requirements." 
The intent of these objectives, according to the DSM, is to establish 


and maintain ™ 


...a Single system of specifications and standards to provide 
uniform and technically adequate records of the engineering definition of 
equipment and supplies as a common basis for communication of 


coordinated defense needs and for contractual agreement in _ their 


acquisition."> 


D. LIFE-CYCLE SUPPORT COSTS 

Standardization as it has been defined in the DSM can impact the life- 
cycle support costs of a weapon system more so than any other facet of 
an acquisition. These costs, termed Operation and Support (O&S) costs, 
can sometimes accrue for more than 20 years following procurement of 
the final piece of hardware. LCDR Porter divides O&S expenses into 
initial non-recurring costs (such as provisioning and documentation), and 
the recurring costs of personnel, material, and overhead.® He notes 
that "...funds required in supporting a system are often twice those spent 


in acquiring it..." and concludes that downstream costs are substantial.’ 


4 DOD 4120.3-M, Defense Standardization Manual, September 11, 
1985, para 1-103.1 a. 


> DOD 4120.3-M para 1-103.1 b. 

6 LCDR David L. Porter, USN, Controlling Life-Cycle Cost: A 
Management Perspective, Thesis, Naval Postgraduate School, Monterey, 
California, December 1985, p 20. 

’ Margaret A. Emmelhainz, "Innovative Contractual Approaches to 


Controlling Life-Cycle Costs," Defense Defense Management Journal, Second 
Quarter, 1983. 
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Thus it is apparent that O&S costs can significantly impact a system’s 


cost-effectiveness. 


These O&S costs are comprised of: 


(a) Provisioning and Technical Documentation and efforts related 
to provisioning 

b) Maintenance 

c) Training 

d) Technical Manuals 

+s? Installation 

f) Configuration Control 

te} Testing (system as well as parts) 

h) Inventory acquisition, replenishment, management, holding, and 
ordering 


Standardization can reduce these O&S costs by: 


"(1) Reducling] inventory costs for spare parts since 
standardization infers increased depth and decreased 
equipment ranges. 

(2) Reducling] provisioning, inventory management, storage, 
transportation and handling and training costs. 

(3) Reduc[ing] volume and associated costs for equipment 
configuration control, ship drawing banks, technical manuals, 
and maintenance plans. 

(4) Improving planning for upkeeps, restricted availabilities and 
overhauls. More sophisticated material requirements planning 
programs can be used when all the ships have the same 
equipment baseline." 


LCDR Olson points out that "...the overall result is an improved fleet 


readiness through increased reliability and supportability."!9 


8 LCDR James P. Poe, SC, USN, The Management of Competitively 
Procured Stock Numbers, Paper presented to American Society of Naval 
Engineers Conference, March 25, 1987. 


? LCDR Stephen J. Olson, SC, USN, Standardization and 
Competition as Applicable to New Construction Shipbuilding Programs, 


Unpublished paper, Naval Postgraduate School, Monterey, CA, March 1987, 
p 3-4. 


10 Olson, p 3-4. 
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E. FEDERAL ACQUISITION PROCESS 

The Office of Management and Budget (OMB) Circular A-109 
provides the structure for system acquisition. During design, the process 
must not "...conform mission needs or program objectives to any known 
systems or products that might foreclose consideration of alternatives."11 
This statement is telling the Project Manager (PM) that the mission’s 
needs should not be adjusted to fit available equipment thereby excluding 
alternative systems. I[t implies that it is acceptable at that stage of a 


project to ignore standardization for the sake of new technology. 


A-109 also requires the agency to provide the contractor with the life 


? 


cycle cost factors for use "...in the evaluation and selection of the system 
for full-scale development and production."!2 "Selection of a system(s) 
and contractor(s) for full-scale development and production is to be made 
on the basis of (1) system performance against current mieeion need and 
program objectives, [and] (2) an evaluation of estimate acquisition and 


ownership costs..."13 Despite the requirements, the Circular does not 


define the elements for measuring life-cycle costs. 


The Federal Acquisition Regulation (FAR) states that the agency head 
is responsible for "|,.reviewing and approving acquisition 


plans...[and]...establishing criteria and thresholds at which ... life-cycle- 


11 OMB Circular A-109, Major System Acquisitions dated April 5, 
1976, p 8. 


12 OMB A-109, p 9. 
13 OMB A-109, p 10. 
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cost techniques will be used."!4 This requirement in essence stipulates 
that life-cycle costing procedures must be developed for use by all 


activities within the agency. 


The acquisition strategy addresses all facets of the procurement 
including "...the technical, business, management, and other significant 
considerations that will control the acquisition."1> | Within the plan the 
manager shall "...discuss how life-cycle cost will be considered...[and]...if 
appropriate, discuss the cost model used to develop life-cycle-cost 
estimates."1© However, the FAR does not specify the level of detail that 


the PM must provide. 


The acquisition plan must also address the logistic impacts by 
describing "...the aggro determining contractor or agency 
support...over the life of the acquisition, ...the reliability, maintainability, 
and quality assurance requirements,...the requirements for contractor data 
(including repurchase data) and data rights, their estimated cost, and the 
use to be made of the data,...standardization concepts, including the 
necessity to designate, in accordance with agency procedures, technical 
equipment as ‘standard’ so that future purchases of the equipment can be 


made from the same manufacturing source."!? 


14 Federal Acquisition Regulation (FAR), February 3, 1986, para 
7.103 (g)-(h). 


15 FAR para 7.105. 
16 FAR para 7.105 (a)(3)(i). 
17 FAR para 7.105 (b)(12)(i)-Civ). 
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In system development solicitations the FAR requires PM’s to consider 
items, in the design, that are already in the federal supply system or 
"...which the Government will be able to acquire competitively in the 
future if they are likely to be needed in substantial quantities during the 
system’s service life"!®8 Additionally, in a system production contract the 
PM "...shall consider requiring offerers to include...proposals [providing] 
opportunities [for] ...the Government...to obtain, on a competitive basis, 
items acquired in substantial quantities during the service life of the 
system."!? The proposals should include provisions "...to provide the 
Government the right to use technical data [developed during] the contract 
for competitive future acquisitions, together with the cost to the 


Government... of acquiring such technical data.'"*9 


The FAR stipulates the use of full and open competition as the 
primary means of acquisition and, to this end, discourages any requirement 
that would preclude it. Specifications and descriptions must oe minimized 
and may be stated in terms of function, performance, or design 
requirements. The FAR requires the agency to use function or 
performance when practicable, rather than design, in order to stimulate 
competition.2! "...Plans, drawings, specifications, standards, or purchase 


descriptions shall state only the Government’s actual minimum needs and 


13 FAR para 7.106 (a)(2). 
19 FAR para 7.106 (b). 

20 FAR para 7.106 (b)(1). 
21 FAR para 10.002. 
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describe the supplies and/or services in a manner designed to promote full 


and open competition."2 


F. DEPARTMENT OF DEFENSE POLICIES 

Defense acquisitions are governed by DOD Directive 5000.1, Major 
System Acquisitions, and DOD Instruction 5000.2, Major System Acquisition 
Procedures. 5000.1 clearly states that "...a cost-effective balance must be 
achieved among...production and ownership costs...and system 
effectiveness..."3 While DODI 4120.3 states that "...the degree and 
effectiveness of standardization efforts will be an issue to be addressed 
during DSARC and (S)SARC milestone reviews..."24, the PM, following 
5000.2 direction, is only required to submit a one line summary of the 
total life-cycle costs.2> The PM, therefore, has the opportunity to make 
the life-cycle costs fit any budget number that will sell the system. (Mr. 
Perkins concurs and notes that the Acquisition Strategy calls for 
supporting detail but, by the time an acquisition reaches the DSARC levels, 


the senior officials are only concerned with system feasibility.2° 


22 FAR para 10.004 (a)(1). 


23 DOD Directive 5000.1, Major System Acquisitions, March 12, 
Boo, para C.2.d. 


24 DOD Instruction 4120.3, Defense Standardization and 
Specification, February, 10, 1979, para E.2. 


25 DOD Instruction 5000.2, Major System Acquisition Procedures, 
March 12, 1986, enclosure 1. The summary includes all internal project 
operating costs along with equipment support costs. 





26 Interview with Mr. David Perkins, Command Standardization 
Officer, Space and Warfare Command, June 12-17, 1987. 
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DoD Directive 5000.39, Acquisition and Management of Integrated 
Logistic Support for Systems and Equipment, provides life-cycle 
management policy for systems as well as equipment. It states that, 
"....he primary objective of the ILS program shall be to achieve system 
readiness objectives at an affordable life-cycle cost. Early ILS program 
activity shall focus on designing desirable support characteristics into 
systems and on determining support requirements. Subsequent activity 
shall focus on acquisition, evaluation, and deployment of support 
resources."*“ The directive recommends consideration of explicit and 
visible plans for standard parts and components as a part of Milestone II, 
but does not require submission of the plans.*2 While the DSARC oroceee 
attempts to balance program needs with life-cycle support costs, technical 


requirements can potentially override follow-on support considerations. 


G. STANDARDIZATION PROGRAMS 

The Defense Standardization and Specification Program (DSSP) was 
established in response to the Defense Cataloging and Standardization 
Act.*? Its goal is to "...improve the operational readiness of the DOD 


Components and assure the cost-effective mission performance of systems 


27 DoD Directive 5000.39, Acquisition and Management of Integrated ~ 
Logistic Support for Systems and Equipment, November 17, 1983, para 
Eve 


28 DOD Directive 5000.39, enclosure 1, para 3.M.(8). 


<9 The original law was enacted on July 1, 1952 as Public Law 82- 
436, updated by P.L. 84-1028 on August 10, 1956, and codified as USC 
Title 10, 2451-57 in 1982. DOD Manual 4120.3-M, Defense Standardization 
Manual, September 11, 1985. 
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and equipment by fostering the efficient use of resources and optimum 


reuse of the products of engineering efforts."2 


The DSSP is administered by the Defense Material Specification and 
Standards Office (DMSSO). It is responsible for managing all facets of 
standardization, of which parts and data are just a subset, and identifying 


areas where benefits can accrue as a result of the program. 


DSSP receives Congressional attention. Annually, on January 31, 
DMSSO is required to submit an accomplishment report to Congress that 
contains: 

"(1) the number of separate specifications that have been 
consolidated into single specifications for use throughout the 
Department of Defense; 

(2) the reduction in the number of sizes or kinds of items that 

are generally similar; [and] 

(3) any other information that the Secretary considers will 
best inform Congress of the progress of the standardization 
program." 

The report includes standardization of systems, equipment, and parts 
as well as programs of interest to Congress such as Acquisition 
Streamlining, Soldering Standardization, and Acquisition and Distribution of 


Commercial Products.?2 


The individual services are also required to establish an office 
similar in function to DMSSO. The Departmental Standardization Officer 
30 DOD Directive 4120.3, Defense Standardization and Specification, 
February, 10, 1979, para C 
31 USC Title 10 Chapter 145 Section 2455 (b). 


32 Defense Material Specification and Standards Office, Defense 
Standardization and Specification Program (DSSP), Fifty-Sixth Report to 
Congress, January 1986. 
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(DepSO) supports the unique requirements of the service in addition to 
implementing DMSSO policies. When DMSSO assigns a project, the 


DepSO for the lead service is the focal point for the other departments. 33 


The DSSP requires that PM’s use existing designs and products when 
practicable. It states that standardization must be an_ essential 
consideration in acquisition decisions and that the PM must minimize the 
number of new items introduced into the supply system. Furthermore, it 
dictates that, when cost-effective, standard parts must be used during full 
scale engineering development, production, and deployment. To this end, 
the DSSP requires application of the DOD Parts Control Program in 


system acquisitions.24 


The DOD Parts Control Program (DOD PCP) "...promotes the use of 


standard parts in the design of defense systems."3° The goal of the DOD 
PCR 1s: 


"(a) To conserve resources and reduce life-cycle cost by 
reducing the varieties of component parts. 

(b) To promote the application of established standard parts, or 
parts with multiple application, of Known performance during 
the design, development, production, or modification of 
equipment and weapons systems. 

(c) To apply engineering techniques that may assist system or 
equipment acquisition managers and their counterparts to 
identify and select established standard parts or parts with 
multiple application to enhance inter- or intra- departmental 


33 Within the Navy, the Hardware Systems Commands (HSC) each 
have a Command Standardization Officer (ComSO) performing a similar 
role for their command. 

34 DOD Instruction 4120.3, para E. 


35 DOD Instruction 4120.19, DoD Parts Control Program, October 
30, 1985, para C. 
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systems commonalty, interchangeability, reliability, 
maintainability, standardization, and interoperability. 

(d) To standardize piece parts, potentially reducing prices 
through greater demand for standard parts; to reduce in 
varieties of parts in the inventory; to increase production 
runs; to enhance competition among multiple sources; and to 


reduce replenishment Procurement Acquisition Lead Time 
(PALT ).'"36 


The DOD PCP Instruction delineates the responsibilities of the 
Military Parts Control Advisory Groups (MPCAG). MPCAG’s are 
established at each of the DLA Stock Points. They review equipment 
drawings during the design phase to evaluate contractor claims of part 
uniqueness and therefore not stocked in the system. The MPCAG 
attempts to identify items within the system that have the same form, fit, 
and function. If the MPCAG does identify a duplicate the contractor is 
required to use that part unless he can demonstrate that the new part has 


a unique feature that cannot be satisfied with current inventory. 


MIL-STD-965A "...implements the guidelines and requirements 
established by DODI 4120.19...and is applicable to new design and 
modification of existing design."3’- It notes that "...In research, 
exploratory development and advanced development where the design of 
prototype hardware is not involved, the use of standard parts is advocated, 


but is secondary to the prime objectives of the development."38 


36 DOD Instruction 4120.19, para E.2. 


37 MIL-STD-965A, Military Standard-Parts Control Program, 13 
December 1985, p iii. 


38 MIL-STD-965A, p iii. 
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When parts are required, the PM must invoke MIL-STD-965A in all 
contracts to force the contractor to use standard parts whenever possible. 
MIL-STD-965A states that it is the contractor’s responsibility to: 

"(1) Ensure efficient parts control operation. 
+33 Ensure maximum use of standard parts. 
3) Minimize the number of different types and styles of parts 
used in the equipment or system. 
(4) Ensure timely implementation of parts decisions."3? 
When the contractor disputes the MPCAG findings, it is the PM’s 


responsibility to resolve the issue. 


DOD Directive 4120.3 requires tailoring of standards and specifications 
to buy only actual needs. Since the PM is responsible for the technical 
success of the equipment, the contractor can abuse the intent of the PCP 
by designing the system so that few standardization benefits are 


achievable. 


For Fiscal Years 1982 and 1983, the DOD Inspector General (DODIG) 
discovered that MPCAG disapproved about 11.4% of the parts submitted 
because of duplication but that 88% of these rejections were ignored by the 
PM.4° By FY 1985 the number of rejections had risen to 12.2%.41 If the 
FY 1983 cost-avoidances of. $128.6M reported by the MPCAG resulting 


from replacement of nonstandard with standard parts are any indication of 


39 MIL-STD-965, para 5.2.1.4. 


40 DOD Inspector General, DOD Parts Control Program Audit 
Report, DODIG Report 85-075, February 20, 1985, p 1. 


41 Defense Standardization and Specification Program, (DSSP) 
Fifty-Sixth Report to Congress, January 1986, p I5. 
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the program’s success, one can wonder how much more would be realized 


had the PM’s not overruled the recommendations.*2 
H. PROVISIONING PROCESS 


"Before provisioning, the DoD parts control program, using the 
military parts control advisory groups, shall be used to control 
the proliferation of items within the Department of Defense and 
to enhance standardization, reliability, and maintainability..."'43 
Provisioning Plans should begin at item conception. When the 
production contract is awarded the government may buy a technical data 
package providing information necessary for life-cycle support. The 
package is separated into Engineering Information, Procurement Data, and 


? 


Technical Data for Provisioning. The information specifies _..descriptive 
and performance characteristics or features of items, materials, methods, 
practices, processes and services for development, production, use and _ 
support of end items."44 Only the latter two, Procurement Data and 
Technical Data for Provisioning (TDP), are pertinent to this thesis since 


Engineering Information applies to production methods rather than follow- 


on support. 


"...A procurement data package provides data necessary to control 
design, engineering, performance, and quality of an item sufficient to 


ensure functional and physical adequacy of the item for its intended 


42 DODIG Report 85-075, p 2. 


43 DOD Instruction 4140.40, es of End Items of Material, 
June 28, 1983, enclosure (3) para C 


44 DLAR 4185.1, Technical Data Requirements for Logistic Support, 
2 September 1977, para IV.C 
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application."45 It includes engineering drawings, standards, specifications, 
purchase descriptions, purchasing data, functional data, item requirement 
sheets, commercial catalogs, item identifications...that provide data on 
interchangeability [and] substitutability..."4° The package is some 
combination of Performance Specifications, where the contractor builds 
only to form, fit, or function, or Design Specification where the 


contractor is required to manufacture to an explicit design.*? 


TDP provides "...identification and quantity determination(s) of spare 
and repair parts necessary to support and maintain end items of material 
for specified periods...specific elements of cataloging, engineering, 
maintenance and supply support data,...technical data for provisioning 
contain information such as piece part relationship to next higher 


components and assemblies, prices of parts, parts population, and 


' replacement and overhaul factors.'"48 


Supplementary Provisioning Technical Data (SPTD) is a subset of 
Provisioning Technical Documentation (PTD) an is synonymous with 
TDP.4? "...SPTD must be capable of providing for the: 

(a) technical identification of items for maintenance support 
considerations; 


(b) preparation of item identification for the purpose of 
assigning National Stock Numbers; 


43 DLAR 4185.1, para IV.C.2. 
40 DILAR 4185.1. pamaeky Ce. 
47 DLAR 4185.1, para IV.C.2.a-b. 
43 DLAR 4185.1. pata lva@.s. 
49 DLAR 4185.1, para IV.C.3. 
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review for item entry control; 

standardization; 

review for potential interchangeability and substitutability; 
item management coding; 

preparation of allowance or issue lists; 

initial procurement from contractor or original 
manufacturer."°9 


7M rho a0 


As a_ part of the provisioning process, the government assigns 
Acquisition Method Codes (AMC) and Acquisition Method Suffix Codes 
(AMSC) to each part. The codes provide a screen delineating whether the 
government can compete the part or if the source is limited. Codes can 
be assigned requiring the government to purchase from the original 
manufacturer because of proprietary restrictions. Codes can also be 
assigned prohibiting procurement other than on a sole-source basis because 


the technical package is inadequate for competition. 


Congress noted that inadequate technical data restrained efforts to 
compete. 


" ..omall businesses, in particular, indicate that they are 
precluded from competing for many government purchases 
because the government cannot provide them the data to 
manufacture a similar part. On the other hand, data in and of 
itself would not ensure that another contractor would be able to 
produce an equivalent part of the requisite quality. Evidence 
presented the committee indicates that the government’s inability 
to retrieve data it is authorized to use and provide that 
information to a prospective contractor, and improper method 
coding of supplies, are the primary restraints on the 
government’s ability to allow for competition for the contract. 


The committee believes, however, that the government is 
unnecessarily restricted in its replenishment spare parts 
purchases by initial decisions not to acquire rights in technical 
data because of cost (without an appropriate assessment of 


50 DOD Instruction 4151.7, Uniform Technical Documentation for 
Use in Provisioning of End Items of Material, undated, para G.7. 
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future savings) and by failure to plan adequately for future 
competition when initially acquiring a system.">! 


I CATALOGING 

Congress, by legislation, tasked the Secretary of Defense with 
developing a single catalog system and standardizing supplies. The law 
specifically states that the DOD "...shall, to the highest degree practicable, 
standardize items used throughout the Department of Defense by developing 
and using single specifications, eliminating overlapping and duplicate 
specifications, and reducing the number of sizes and kinds of items that 


are generally similar.">? 


The Defense Logistics Service Center (DLSC) in Battle Creek, 
Michigan, is responsible for cataloging the 6 million spares and repair 
parts used throughout the DoD.°3 When a part is submitted to DLSC for 
National Stock Number (NSN) assignment, the manufacturer’s Federal 
Supply Code for Manufacturers (FSCM) and part number (P/N) along 
with a full description of the part are checked for duplication. If DLSC 
determines that the FSCM and P/N are unique, it assigns the part a NSN. 
Frequently the PM only provides the FSCM and P/N because either the 


>1 Defense Spare Parts Procurement Reform Act, Committee on 


Armed Services Report, Report 98-690, April 18, 1984, p 15 

52 USC Title 10 Chapter 145 Section 2451. 

°3 James E. Fiene, Captain, US Air Force, The Feasibility of 
Using a Data Base Management System to Aid in Piece Part 


tandardization and Substitution, Thesis, Air Force Institute of 
lechnology, September 1986, p 5. 
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contractor fails to provide the information [or PTD] or the service is in a 


hurry to field the equipment.>4 


The DLSC screen is dependent on the manufacturer using the same 
P/N in each application. "...If the contractor issues a new part number, 
or if the contractor has never previously contracted with the DOD, [DLSC] 


can do little to determine that this is a duplicate part.">> 


GAO found in March 1978 that only 37.7% of the items in the DLSC 
Catalog were fully described and the balance either partially described or 
lacked complete description. 


| ".,.Full characteristic descriptions establish the true identity of 

| an item and differentiate it from every other item of supply. 
Thus, duplicate stock numbers can be recognized and eliminated 
and similar items can be selected and studied for elimination of 

| those having dispensable differences. By comparison, partially 

: described and reference type identifications are not complete. 
Because all characteristics are not documented, such items are 
not subject to the full range of item entry controls operating in 
the catalog system. As a result, new items are assigned national 
stock numbers and added to the catalog and supply systems even 

3 though identical and similar items are already in the catalog. 

, This duplication can remain undetected because some controls 

designed to identify duplicate and unneeded items depend upon the 
presence of characteristic data. If items are not fully described, 
these controls are substantially weakened."'>° 


°4 Interview with Mr. Carl Bogar, General Accounting Office, 
Washington, D.C. Mr. Bogar had just completed an audit of the cataloging 
system for release by Fall 1987. 

°° Fiene, p 9. 


> GAO Report LCD 79-403, p 53. 
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While 56.3% of DLSC catalogued material was fully described, items 


catalogued in the Navy supply system trailed all DOD agencies with a 


15.6% rate.>/ 


GAO estimated that 29% of the items submitted for DLSC screening in 
1977 were duplicates. Furthermore, GAO pointed out that during a trial 
screen, between 1974 and 1977, of the material listed in DLSC catalogs, 
the same percentage were determined to be duplicates.°° The material is 
entering the system because the lack of data prevents effective screening. 

"...Defense and industry specialists generally agree that the most 
effective way to restrain the proliferation of new, unneeded 
items in the Federal catalog is to practice standardization at the 
time new equipment is designed. They realize that by the time 
item entry controls can operate, the Government has committed 
itself to buying equipment which, while meeting stated 


performance requirements, may contain many items for which the 
Government already has cataloged preferred substitutes.">? 


J. CHAPTER SUMMARY 

As the chapter has shown, guidance. emanating from the federal and 
DOD levels supports the concepts of standardization. However, the 
manager is told that the mission need is the most important element and 
that nothing should impede this goal. After all, if the requirement can be 
satisfied with currently available equipment, then the procurement is not 
necessary. Consequently, desires for the state-of-the-art potentially can 


take precedence over other concerns. 


>? General Accounting Office, Fragmented Management Delays 
Centralized Federal Cataloging and Standardization of 5 Million Supply 
Items, GAO Report LCD 79-403, March 15, 1979, p 53. 

°8 GAO Report LCD 79-403, p 59-63. 


°3 GAO Report LCD 79-403, p 11. 
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DSARC does not fully consider the long range impact on system 
supportability. The PM is expected to base decisions on the system’s 
cost-effectiveness, but is not provided with any measurement guidelines. 


Therefore procurement costs provide the only meaningful indicator. 


The PM is required to use, to the maximum extent possible, material 
currently available in DOD inventories. The MPCAG was created to 
assist in this effort. Since the manager is ultimately responsible for the 
project’s success, and not bound by the MPCAG’s recommendations, if the 
findings are not acceptable, then the PM can use whatever the contractor 


recommends. 


Any lack of: Provisioning Technical Documentation (PTD) impacts the 
ability of the system to provide proper life-cycle support. By default, the 
government aie compete the procurement using only a performance 
specification. As parts purchased in this manner enter the system, new 
NSN’s must be assigned, .and the inventory range swells. An adequate 
PTD can reduce the number of new NSN’s while providing cost savings by 
not buying parts common to other systems until sufficient demand triggers 


replenishment. 
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Il, INVENTORY LEVEL IMPACTS 


A. INTRODUCTION 
Chapter II summarized the applicable OMB, FAR, and DOD policies 
relative to standardization. [It explained how a new part enters the 


system and the potential for duplication. 


In this chapter, the impacts of non-standardization on Navy inventory 
levels will be addressed. It will first review Navy Guidance and the 
process for selecting parts. Next, it will assess the effects of 
competition on the inventory range. It will project Allowance Parts List 
(APL) and parts growth and estimate the potential number of duplicate 
parts either already in the Navy Supply System or entering in the near 
future. Finally, it concludes with a discussion of ongoing standardization 


programs. 


B. RESEARCH QUESTIONS 
This chapter will address the following research questions: 
1. How does Navy policy affect inventory standardization? 
2. What are the potential impacts on the Navy’s inventory levels? 


3. What is being done to implement standardization? 


C. NAVY GUIDANCE 
For the most. part, Navy instructions support the goals’ of 
standardization. SECNAVINST 4120.3D states that: 


"(a) Standardization shall be included in requirements for 
acquisition of systems and equipment. 
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(b) Standardized designs shall be used, with inter- and intra- 
system standardization of hardware and engineering practices. 

(c) Existing components that are demonstrated to be reliable and 
supportable shall be applied in new designs. 

(d) Procurement provisions shall be used to restrain proliferation 
of types of components."©9 


When the implementing instruction for the SECNAV standardization 
policy was issued, NAVMAT stated that: 


" ..The Navy C/E [Component/Equipment] Program was 
established to curb the proliferation of components/equipment 
being introduced into the fleet. Proliferation of varieties of 
items is costly from the standpoint of economy, and efficiency of 
design, manufacturing and logistics. Frustrated maintenance 
efforts, increased logistics cost, and lack of versatility and 
supportability of equipment are typical of the impact on naval 
operating forces from a lack of standardization. Standardization 
of C/E is a means to reduce design and manufacturing costs, 
improve equipment maintenance, provide increased supportability 
and reduce life cycle costs. To provide for effective 
standardization of systems, subsystems, equipment, assemblies, 
components, parts and material, the Navy C/E program must be 
hardware oriented with increased emphasis on the concept of 
’front-end’ standardization (i.e. commencing standardization 
efforts at the beginning of the acquisition process)."©!»62 


The instruction further stated that "...effective and economical 


standardization controls [must] be developed and exercised during all 


phases of development, acquisition, and logistics support, to attain 


60 SECNAVINST 4120.3D, Department of Defense Standardization 
and Specification Program (DSSP), 7 March 1980, para 3. 


61 NAVMATINST 4120.97B, Standardization of 


Components/Equipment_ (C/E) used by naval operating forces, afloat and 
ashore, 7 May 1984, para 4. 


62 Throughout the thesis references will be made to NAVMAT 
instructions. Although NAVMAT has been dis-established, many of these 
references remain valid. 
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an optimum degree of standardization and limit the variety of C/E used in 
weapons systems/equipment... This requires: 


(a) Including hardware standardization requirements in concept 
formulation, design, engineering, acquisition, production, 
conversion, modernization and alternation. 

(b) Promoting inter and intra (C/E) standardization for system 
designs, hardware and engineering practices. 

(c) Use of (in new designs) existing, reliable and supportable 
C/E already supported by the military service. 

(d) Restricting use of limited application C/E. 

(e) Exercising configuration control to maintain standardization. 

(f) Using procurement techniques to restrain proliferation. 

(g) Effecting item entry control for new C/E in design, 
selection, and provisioning phases of material acquisition. 
(h) Backfitting standardization into existing systems to maximum 

extent practicable. 

(i) Maintaining a standardization program which is hardware 
oriented and recognizes that standardization is but one of 
many important equipment selection criteria (i.e., life cycle 
costs, manning, reliability, maintainability, availability, 
competitive procurement and industrial ability/capability )."©3 


This last statement points to the inability of the instruction’s author to 
recognize the impact that standardization has on all the other criteria. 
Increased use can reduce life-cycle costs and manning requirements while 


improving the remainder. 


NAVMAT also issued implementing guidance for the DOD Parts 
Control Program. In the related instruction NAVMAT stated that "...Use 
of the DOD Parts Control Program results in cost avoidance to the Navy 
by: 

(a) Reducing the need for contractor-prepared drawings and 


specifications for nonstandard parts. 
(b) Reducing redundant nonstandard parts-testing. 


63 NAVMATINST 4120.97B, para 6. 
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(c) Eliminating the logistic support costs that would have accrued 
had the nonstandard parts entered the Logistic System. 
(d) Reducing field maintenance costs through the use of more 
reliable parts.'"©4 
To achieve the objectives of the DOD PCP, according to the NAVMAT 
Instruction, requires "...the application of techniques that will: 
(a) Provide to system or equipment acquisition program managers 
and their contractors methods for the selection of preferred 
parts. 
(b) Enhance inter/intra-departmental equipment/parts 


standardization and interchangeability. 
(c) Minimize the variety of parts used in new designs."©° 


Additionally the instruction required the Hardware Systems Commands 
tO: 
" ..Enforce use of the parts control program requirements in all 
major system development contracts and other development, 
production or modification contracts when it is foreseen that 
life-cycle cost benefits can be derived."©® 
Despite the specificity of the SECNAV and NAVMAT Instructions, 
NAVSEA, in particular, excluded shipbuilding contracts from compliance 
with the DOD PCP in keeping with their long-standing attitude.°” For 
example, a 1973 Naval Audit Service report found that 40% of all 
nonstandard items were generated during new construction.°® 
64 NAVMATINST 4120.106A, DOD Parts Control Program, 26 
October 1981, para 3b. a. 
65 NAVMATINST 4120.106A, para 5a. 
66 NAVMATINST 4120.106A, para 5b(2). 
67 NAVSEAINST 4120.4A, Department of Defense Parts Control 
Hropram, 3 June 1983, para 3b. [The instruction was superseded by 


NST 4120.4B of 25 August 1986. Shipbuilding must now comply 
with DOD PCP. 





68 Naval Audit Service (Northwest Region), Service-Wide Audit of 
Standardization of Components for Ships, report number [50033, 19 


Sie) 


According to the Executive Director of SPCC, NAVSEA does not 
motivate the designer or builder. PM’s and Naval Ship Yards (NSY) are 
evaluated on their ability to deliver the equipment by a certain date at, or 
below, budget. Total operating costs are not a factor. Furthermore, 
contractors do not have an incentive to implement a_ standardization 
program. An early attempt to provide the contractor with an incentive 
was unsuccessful. On the USS EISENHOWER contract (which exceeded 
$1B), Newport News Shipbuilding was offered $86K to incorporate 
standard equipment and parts. It would cost the contractor more to 
comply with the requirement than the return generated, thus it failed to 


provide a true incentive. ©? 


There is a standardization office at NAVSEA. However, it does not 
perform any equipment analysis to evaluate potential for standardization 
._ nor do they initiate any reduction studies. Its primary role is-to review 
contract specifications to ensure correct citation. In addition, it appears 
that the NAVSEA Standardization Office contributes significantly to the 


proliferation of non-standard items.’9 


December 1973, p 15. Despite the report’s age, Mr Stanley Zatorski, the 
Auditor-in-Charge of a 1979 report on the same topic, did not find reason 
for change. Interview with Mr. Zatorski, May 22, 1987. Additional 
research by the author does not dispute the 1973 findings. Comparison of 
equipment proliferation figures in the 1973 report with a 1986 Naval Sea 
Systems Logistics Center "Fleet Standardization Profiles" report shows an 
increase in the number of new non-standard equipment. 


69 Interview with Mr. R. B. McFarland, Executive Director, SPCC, 
May 19, 1987. 


70 Interview with Mr. Steve Lowell, DMSSO, July 6, 1987. Mr. 
Lowell, who was formerly employed in the NAVSEA Standardization 
Office, noted that the office does not have any full-time engineers that 
review for non-standard equipment or parts. On the other hand, the 
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D. PART SELECTION PROCESS 

In the previous Section it was argued that despite the numerous 
instructions requiring standard parts, NAVSEA would seem to _ be 
contributing to the problem through inadequate inanie! guidance. This 
section will address the problems within the equipment selection process 


that took advantage of the NAVSEA policy and contributed to proliferation. 


Initial design and equipment selection is done by the NAVSEA engineer 
in the project office. Once the plans have been approved, the engineer at 
the lead shipyard prepares the Basic Alteration Class Drawings. The 
drawings provide a detailed list of the material required for the first 
ship, and are the baseline for subsequent ships.’1 When developing the 
drawings the engineer generally uses two reference sources for ee eioment 
selection. The first, the NAVSEA Standard Component List (NSCL), 
provides population data and standard descriptions. However, since the 
information is maintained on microfiche and the research tedious and time 


consuming, it is not used to its fullest extent.’2 


The second reference source, the Master Index of Allowance Parts 
Lists (MIAPL), is also maintained on microfiche. While the NSCL only - 
supplies equipment related information, the MIAPL breaks the information 
down to NSN’s. The engineer must know the NSN of the C/E or the 
APL number to access the related drawing. It is a manual process; the 


NAVAIR Standardization Office has approximately 100 engineers that 
initiate studies and review designs. 


71 Naval Audit Service Report, 150033, p 14. 


72 Interview with Mr. Larry Tapp, Superintendent of Shipbuilding, 
New Orleans, LA.,June 1987. 
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MIAPL does not have the facilities for accessing the information through 
Form, Fit, and Function (F*) specifications. The engineer does not like 
to use either, but considers the MIAPL the least desirable of the two 


sources. 3 


The use of a centralized computer data base to aid in the search is 
not new. In 1970, a congressional report entitled "Military Supply 
Systems: Cataloging, Standardization and Provisioning of Spare Parts" 
recommended the development of an automated system to provide designers 
with standard C/E information. However, the cost of the system and the 


physical size made its development impractical. ’4 


Captain Fiene evaluated two less complex systems. The first, 
Technical Logistics Reference Network (TLRN), was developed in 1973 
by Innovative Technology Incorporated (ITI). Initially designed to reduce 
procurement and support costs, the system has the capability of 
performing a characteristic search. Presently, TLRN is the only system 
that can interrogate the entire DOD inventory by part description.“> The 
system, however, is slow. It screens for one characteristic at a time and 
the first pass can take as long as 2-3 hours. "It is not uncommon for a 
complete search for a part on this system to take as long as five 


hours." /® 


73 Tbid. 

74 Fiene, p 25. 

7) Fiene, p 17-18, and. 62. 
76 Fiene, p 29. 
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The second system was the Characteristic Search System which is 
part of the DLA Network. The system, developed by DLSC, is limited to 
searching for ten characteristics even though the engineer frequently 
requires more than the limit. In a test, Captain Fiene searched for 35 
fasteners, each with seven characteristics. He averaged 9.5 minutes per 
part, a considerable time saved over the TLRN search of 5 hours.’’ 
Unfortunately, he noted that "...There have been no plans made _ to 


implement this system at the engineering working levels.'"78 


Finally, he points out 


" ..it can take. as little as 30 minutes to write up justification 
for using a piece part not listed in the DOD supply catalog. 
Weigh this against taking a week to manually search for a 
substitute from the DOD supply catalog, when it is not even 
known if a substitute exists, and it is not hard to understand why 
the design engineer may not always build this type of 
standardization into a design." 


Based on the discussion in this section, the Naval Audit Service finding 
is not surprising: 
"...our review indicated that selections were based primarily on 
engineering knowledge of specific commercial products that met 


the alteration or repair requirements, without considering the 
adaptability of existing standard equipment." 


“7 Fiene, p 65. 

78 Fiene, p 22 and 64. 

7? Fiene, p 13. 

80 Naval Audit Service (Northeast Region), Service-Wide Audit of 


Replacement Components for Installation on U.S. Navy Ships 


(Standardization), Audit Report I20047, 5 September 1979, p 5. 
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E. EFFECTS OF COMPETITION 

Standardization and competition are not conflicting efforts. In fact 
standardization can boost competition by reducing the variety of parts 
while simultaneously increasing the quantity of each buy. Experience has 
shown that there is more interest by the manufacturer in competing for 


larger orders, and savings from competition are well-documented. 


Another way that competition has increased has been through contracts 
citing performance rather than detailed design specifications. This does 
not intend to imply that considering form, fit, and function (F’) excludes 
design. specifications. In fact, as the U.S. Army Material Systems 
Analysis Activity (AMSAA) notes, F?% can run the gamut from pure design 
to performance specifications.®! However, according to ‘the AMSAA 
study, the use of F’ specifications, which allow the contractor to design 
the item, increases the potential for competition and enables_ the 


government to incorporate improved technology faster.8? 


The AMSAA study did find that the use of F* reduced standardization 
and led to additional NSN’s. It also found that the increased configuration 
can lead to maintenance problems, especially for repairable material, and 


concluded that F? was better suited for generic, non-repairable items.®? 


81 U.S. Army Material Systems Analysis Activity, Form, Fit, and 
Function (FFF) Study, AMC Task Number 83-14, November [984, p II. 


82 AMSAA study, p 13. 
83 AMSAA study, p 31-61. 
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The latter observation was supported by SPCC personnel. They cite 
repair problems on Shipboard Air Conditioning Units where equipment was 
bought based on performance specifications. When the sailor tried to 
repair it the insides of the "black-box" differed from the technical 
manuals which also differed from equipment at the schools. Additionally, 
the ship may have more than one piece of equipment onboard and that 
there was a Pocd chance that the P-250 Pumps or the Air Conditioning 
units were not identical. Consequently, the ship has to carry a greater 
' range of parts if the installed population is sufficient to justify it. By 
reducing the variety of equipment and the supporting range, depth of 


spares could be increased and material availability improved.®4 


F. APL AND PARTS PROLIFERATION 

Now that the root of the proliferation problem has been established, it 
is necessary to assess the impacts on the Navy’s inventory levels. If one 
makes the assumption that APL growth directly corresponds with 
equipment introductions, then it is possible to forecast the proliferation ol 
parts within the Navy Supply System. However, the author was concerned 
that examination of the total parts population might hide any trends within 
the equipment population. Therefore, the data was segregated into related 
groups and the equipment growth within the groups was then measured to 


develop a forecast. 


APL’s for H,M&E are categorized into 89 Commodity Classes (ee) 


(e.g. Valves, Motors, Pumps, and Controllers) within the Weapon System 


84 Interview with Messrs. George Blackmore, and William Bunge, 
Equipment Specialist, SPCC, May 18, 1987. 
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File (WSF) at SPCC. Since all 188,731 H,M&E APL’s are broken into 
commodity classes, the information presented in the CC format was used 


to analyze the equipment data. 


Data was available on the annual number of new APL’s within each 
CC from 1977 to 1986 and was used to compute the average annual growth 
for- each CC. Forty-four of the 89 (49.44%) classes showed an average 
growth that exceeded the aggregate average over all CC’s in at least 4 of 


the last 5 years (starting in 1982). 


A regression analysis was performed next in an attempt to determine 
if the annual additions to the APL population for each of the 44 above 
average growth rate CC’s was a function of the total annual fleet 


population and deliveries of new ships.8° 


The results of the regression analyses did not fully support the 
contention that the trends in the 44 CC’s were directly attributable to fleet 
expansion. Only 14 of the 44 items (22.7%) had an -R-Squared value 


greater than 70% when regressed on fleet expansion.2© Therefore other 


385 Ships completing Restricted Overhaul (ROH) were also 
considered since the Naval Audit Service finding that 60% of new 
equipment were added during overhaul. However, ROH’s were omitted 
Since the number steadily declined from 19/7/ and the number was 
"...expected to stay at the same low level or ...decline in the years ahead, 
as more ships are phased into engineering operating cycles and phased 
maintenance programmes." [Jane’s Fighting Ships 1986-1987, p 688.] As 
the number of ROH’s declines there will be an increase in shorter, but 
more frequent Ship Restricted Availability (SRA) to perform upkeep 
maintenance that would otherwise be restricted to ROH. Because data for 
both ROH and SRA were not available beyond the past five years, it was 
not possible to test correlation with APL proliferation. 


86 70% was selected over the traditionally accepted R-Squared of 
80% since the T-Ratios for these items were strong and indicated a 
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causes for the growth of the remaining 30 were investigated. Data was 
separately regressed against 1) total ship population, and 2) new deliveries 
and total ship population. If the CC had an R-Square greater than 70% and 
a T-Ratio greater than 2 for the latter regression, then the formula for 
computing APL growth included both variables. If the results only met the 


R-Square criterion, then the formula ignored new deliveries. 


To compute the potential APL growth, 3 selection criteria were used. 
First, if the cc had an R-Squared for greater than 70%, the ship 
population for the following years was factored according to the 
computation derived from the regression model. Second, it was assumed 
that the growth from the past five years for CC’s that showed the above 
average trend but were not correlated to ship population, would remain 
constant. As a result, the average annual growth since 1982 was accepted 
as the predictive value. -Finally, along the same lines, the average annual 
growth of the remaining 45 CC’s over the past 10 years was assumed to 


be constant and therefore used to compute future growth. 


The formula for estimating the APL growth, of those items correlated 
with ship population and/or new deliveries, was: 
APL Growth = Constant + Ship Population(X,) + New Deliveries(X,). 


Where Xl is the coefficient for ship population for each CC, and 
X2 is the coefficient for new deliveries for each CC. 


significant regression. Using 70% as a baseline implied that less than 30% 
of the increase was explained by other factors and the author considered 
that to be acceptable. Changing the R-Squared value to 80% would have 
left only 6 items that could be explained by the increase in the population. 
Using 60% would have increased the acceptable regressions to 21. 
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For example, Controllers (CC 15) had an R-Square value of 90.7%. Its 
1987 APL growth was 782.9 and was computed by: 
-2,877 + 569( 6.6062) + 13(-7.62) 


where 569 is the 1987 ship population and 13 is the number of new ships 
delivered to the Navy in 1987. 


Next, Pumps, CC 01, which showed an above average growth trend but 
was not correlated to ship population, grew an average of 4/9 new pumps 
in the past five years. Therefore, as it was assumed that this trend 
would continue, the value of 479 was used to estimate the 1987 pump 


growth. 


Finally, Condensers, CC 04, was a member of the 45 slow growing 
CC’s, and grew an average of only 11 equipment per year for the past 10 


years. Thus, its growth was assumed to remain constant at 11 in 1987. 


From the results of the regression analyses, the forecasted total 


aggregate APL growth is: 


Forecasted 
Year APL Growth 
198) ’ 
1988 10,955 
1989 11,549 


The figures far exceed the average of 8,7/8 used by NSLC, but are less 


than the actual growth for 1986.87 


87 NSLC computes the annual growth by averaging the growth of 
the individual CC’s and aggregating the results. Using the data from the 
past 10 years, NSLC estimates that the APL population will grow by 8,/7/8 
in 1987. Interview with Mr. Richard Jones, May 18-22, 1987. 
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The next step, was to calculate the number of additional parts that can 
be expected to result from the forecasted increase in equipment. 
Historically, when a piece of H,M&E equipment is introduced, 25% of its 
parts are new to the supply system. (For electronic equipment it is 15%.) 
The average number of parts per equipment within each CC is also 
known.88 It was then a matter of multiplying the forecasted number of 
APL’s per CC by the parts/equipment and then by 25% to compute the 
expected number of new H,M&E parts being added each year to the Navy 


Supply System. 


Using the forecasted 1987 - 1989 APL growth values projected a parts 


range growth of: 


Projected 
Year Parts Growth 
T987 j 
1988 40,006 
1989 42,295 


lenoring reductions resulting from obsolescence and assuming 
. approximately 600,000 line items are managed by SPCC, this aa to an 
annual parts growth of over 6% for any of the three years. With the 
emphasis on streamlining and funding reductions, the additional parts add 


an unwanted burden to an already strained system. 


Data and complete regression analysis results are provided in Appendix 


88 Interview with Mr. Richard Jones, May 18-22, 1987. 
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G. EXTENT OF DUPLICATION 

In Chapter II it was shown that approximately 29% of the material in 
the DLSC Catalog is duplicate. As mentioned earlier, the Navy currently 
manages 188,731 different H,M&E equipment, but the number that are 
duplicate are unknown. Determining the number of duplicates requires the 
availability of files giving details for each equipment. Such data are 
maintained in the SPCC Weapon System File (WSF). However, it was 
not possible to screen the WSF since it is not structured to permit easy 
access by functional specifications.2? The NAVSEA Logistics Center 
(NSLC) has developed the capability for querying the WSF by Commodity 
Class (CC) to obtain this data. It is being placed in NAVSEA’s Component 
Characteristic File (CCF). However, since the CCF project is still being 
installed, not all information for all classes have been transferred into the 
CCF (e.g. within the CC for Pumps, 88.37% of capacity specifications 
have been transferred, while only 4% of the intake connection types 


transfers have been completed). 


As it was not possible to screen the entire data base for duplicate 
equipment, it was necessary to select a representative commodity class. 
The findings were then extrapolated to estimate the number of duplicate 
equipment in the entire population. The CC Ol, Pumps, was chosen since 
more data was available than for the other classes, and it was assumed 
that the size was sufficiently large to represent all equipment. The file 
was searched based on Lead Allowance Parts List (LAPL) description, 

89 NSLC is restructuring the files to provide the customer with the 


capability to access the data. It is scheduled for completion by the end of 
1987. Interview with Mr. Richard Jones, NSLC, May 18-22, 1987. 
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Gallons Per Minute (GPM), and Pounds Per Square Inch (PSI).?9 The 
data was then segregated by the number of Allowance Parts Lists (APL), 
Fleet Population (number of installed equipment in the fleet) and Ship 


Population (the number of ships with the installed equipment). 


The data resulted in identification of 3,116 different pumps with 
similar functions. Initially, 2,376 pumps with only one APL were 
eliminated since they were obviously not duplicates (e.g. a centrifugal 
pump, boiler feed with a capacity of 655 GPM and 775 PSI). Then 8 
more were eliminated since they were no longer installed. This left 732 


pumps with differing GPM/PSI combinations for further examination. 


The equipment was segregated by the number of APL’s per similar 
function, and then categorized by the number of different GPM/PSI 
combinations. For instance, there are 2 different APL’s for pumps 
capable of pumping 460 GPM at 1,460 PSI. (There was a total of 447 
different GPM/PSI combinations, each with 2 different APL’s.) 


In Chapter II it was noted that GAO estimated that 29% of the items 
in the DLSC Catalog were duplicate. From a conservative perspective it 
was felt that 25% rather than 29% would yield results more acceptable to 
skeptical readers. Categories that had 4 or more APL’s with similar 
characteristics were then multiplied by 25% to compute the potential 


number of duplicates. Assuming that there had to be duplication in the 


70 The data was not specified other than the generics of LAPL, 
GPM and PSI so it is not possible to differentiate, for instance, whether 
the equipment were designed to pump water, gasoline, or oil. 
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categories that had only 2 or 3 APL’s, an arbitrary value of 10% rather 


than 25% was used to compute potential duplicates.?! 


Based on the above assumptions, the results indicated that there were 
potentially 3/73 pumps that are identical or 5% (373/7,400) in the 01 CC. 
Assuming a comparable 5% for the remaining CC’s, there are potentially 
9,513 duplicate equipment managed by the Navy. A one-time elimination of 
the duplicates offers potential savings and substantially reduces the range 


of parts managed in the Navy Supply System. 


Data used to develop the estimates and results for the Pump class (01 


CC) are provided in Appendix B. 


Assuming the number of duplicate equipment has been estimated 
correctly, the range of parts that may then be eliminated from system 
inventory can be estimated. Earlier it was estimated that 25% of the 
parts in each APL are new to the supply system when the equipment is 
introduced. If the 9,513 duplicate APL’s are multiplied by the number of 
parts per equipment (as was done in section F to compute the parts 
growth) and the 25% factor applied, then 29,268 new parts could be 


potentially eliminated from entering the inventory system. 


91 A rule of thumb in private industry is that 10% of equipment 
with comparable low populations (as exhibited by equipments with only 2 
or 3 APL’s) are duplicate. Interview with Dr. David R. Whipple, Naval 
Postgraduate School, Monterey, CA, June 1987. 
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Applying the same logic to the table of section F, the potential 
reductions for 1987 - 1989 could be: 
Year Duplicate APL’s New Parts 


1988 552 2017 
1989 582 2132 


While this may not appear to be a major issue, as Chapter IV shows, it 


offers the opportunity for significant potential cost savings. 


The results of the duplicate part estimates by commodity class are 


provided in Appendix C. 


H. SUBSTITUT ABILITY 

When a new item enters the system it is assigned to a family group 
according to the DOD interchangeability and substitutability process. The 
item most currently assigned to the family becomes the head of the group. 
As material is requisitioned, the requested item is issued but the demand 
is recorded against the family head. | Replenishment inventory is then 


procured for the family head.?2 


One of the benefits of standardization purported in Chapter II is that 
inventory depth can be increased because the range is decreased. This 
implies that material availability for parts with substitutability and 
interchangeability (S/I) should be better than for parts without this 


feature. 


To test this theory the WSF was queried, comparing backorders of 


items with S/I against parts that lacked this feature. Backorders were 


92 Interview with LCDR Poe, May 18-22, 1987. 
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selected as a means of measurement since, in theory, S/I material should 
be able to satisfy more demand and therefore have relatively fewer 
outstanding procurements. If that were the case, then Supply Material 
Availability (SMA) (the percentage of demands satisfied immediately) for 


S/I items should be better than for non-S/I parts. 


Only SPCC managed 1 (consumables) and 7 (repairables) Cog family 
items that had 10 or more NSN’s and 3 or more demands per year were 
selected as S/I candidates. These items were chosen for two reasons. 
The first was that the greater the number of NSN’s within the family, 
the greater the opportunity to satisfy demand. Second, and more 
importantly, using families of 10 or more NSN’s reduced the population 


screened and made data analysis more manageable. 


The results of the comparison did not prove that material availability 
was improved for S/I items, For the 341 S/I NSN’s (Family Heads), 
there were 3,056 backorders whereas the 633 non-S/I NSN’s experienced 
5,657 backorders. S/I items had 8.96 backorders per NSN versus 8.94 
per NSN for the latter, an insignificant difference. It is beyond the scope 
of this thesis to determine the reasons for the results, but it can be 


surmised that non-S/I NSN’s received increased managerial attention. 


I. ONGOING STANDARDIZATION PROGRAMS 

Approximately 10 years ago NAVSEA initiated the Navy Standard Valve 
Program to standardize valves with diameters of two inches and under. 
At that time there were 153 APL’s for valves of this size, and the Navy 


was achieving only a 50% Supply Material Availability (SMA). Through 
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the use of standardization the number of APL’s dropped from 153 valves 
with a range of 5 parts each to 24 with a range of 12 parts while SMA 
exceeded 99%. 


Standardization also resulted in competition increasing significantly. 
Twenty manufacturers bid on Navy design specifications and 5 companies 
were awarded contracts for the initial buy of 213,290 valves. The 
combination of competition and volume also permitted the manufacturers to 
reduce the procurement costs, off the original estimates, by 51% to $12.1 
million and increase product quality. The latter has resulted in substantial 
life-cycle cost avoidance. Because of the value engineering 
improvements, it is estimated that each valve can be repaired at least five 
times before it is replaced. Estimates for the previous valves showed 
that they could not be repaired more than approximately 2 times. As a 
result it is estimated that the Navy will save over $/00 million dollars 


over the life of just the originally procured valves.?? 


The P-250 Pump is a portable fire fighting/damage control pump 
installed on every surface ship in the Navy and Coast Guard. There are 
six different P-250 pumps in the fleet. The pumps, each with an 
expected life of two years, had been procured by performance 
specifications. As a result, on an average destroyer that has three P- 
250’s, each pump may be different and the parts not interchangeable. The 


range of equipment reduced the inventory depth that the ship carried in 


93 Interview with LCDR Robert Burtherus, SC, USN, SPCC and 
SPCC Memorandum 4400, Ser 0514/510, May 30, 1985. 
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stock so that when the pumps failed there was a strong possibility that 


the part was not in stock. 


Since damage control is vital for the ship to complete its primary 
mission, SPCC initiated a program to standardize the pump in 1983. Using 
a government owned design package, SPCC competitively procured 5,000 
units reducing the acquisition costs from $9,100 to $4,600 each (for a 
procurement savings of $22.5M) while improving the estimated reliability 
by 50%. Furthermore, because the APL’s were reduced from 10 to 3, 
SPCC was able to increase depth since it was not necessary to spread 


funds across as great a range of parts.?4 


There is a fire pump installed in the engine room of every surface 
ship. The procurement costs of the 64 different pumps range from $60 
to 80K each, with an economical repair cost between $45 and 60K per unit. 
In an effort to reduce the equipment variety, NAVSEA recently purchased 
the unlimited technical data rights to a titanium fire pump. Consequently 
the APL’s were reduced from 64 to 2 and the number of wearing parts 
from 175 to 7. The procurement quantity of 1,328 pumps enabled the 
Navy to take advantage of volume discounts, cutting the acquisition costs to 
S26K each. At this price it is now cheaper to replace the old pumps 


rather than repair them. 


The success of these three programs occurred because the Navy 


purchased technical data packages that enabled every contractor to deliver 


94 Interview with Messrs. George Blackmore, and William Bunge, 


SPCC, May 18, 1987. 
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identical equipment. The reduction in the equipment range increased the 


volume for each procurement and resulted in substantial cost savings.?° 


Unfortunately, NAVSEA’s' philosophy on_ standardization is _ not 
consistent. For example, NAVSEA recently "de-standardized" the LM2500 
Gas Turbine Engine, the power plant for the KIDD (DDG-993), 
SPRUANCE (DD-963), PERRY (FFG-7), BURKE (DDG-52), and 
TICONDEROGA (CG-47) Class ships. In its original configuration, the 
LM2500 is installed in over 95 ships. However, in an effort to improve 
the power, the Ship Acquisition Project Manager (SHAPM) switched from 
a double to a ‘single shank starting with the CG-52 and a _ non- 
interchangeable fuel control on the DDG-5/7. SPCC initially managed 4,000 
parts to support the engine. The changes increased the range by 20% to 


4,800 parts, at an approximate additional cost of $320K per engine.?° 


It is the SHAPM’s prerogative to make such decisions when the long 
term benefits exceed the cost. Standardization should be only one of the 
considerations in that decision. However, PTD must be purchased to 
coincide with the changing configuration if the equipment is to be properly 
supported during its life. In the LM2500 situation, engine modifications 
are currently mere minetalled without erpone as the technical data package 


was only recently delivered. It is estimated that it will take 4 years for 


9° Tbid. 


96 Interview with Mr. Jerry Lusk, LM2500 Manager, SPCC, May 
18, 1987. The additional spares cost was computed by taking the $1.6M 
estimated as the cost of parts to support the engine and dividing by the 
4,000 parts to compute the average cost per part. The cost/part was then 
multiplied by the 800 new parts (20% of the 4,000) to arrive at $320K. 
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the supply system to provide adequate inventory support for the parts.?? 
In the LM2500 case, since the supply system may have to acquire parts 
based only on performance specifications, the decision to delay data 


procurement may ultimately contribute significantly to parts proliferation. 


J. CHAPTER SUMMARY 

Despite the specific directions from SECNAV and NAVMAT, past 
NAVSEA policy and actions have effectively resisted efforts to 
standardize, thus significantly contributing to inventory growth. In 
addition, PM’s and builders are not sufficiently motivated and shipyards do 
not have the tools that will enable engineers to identify standard parts. 
As the projections show, this has resulted in an expansion of the 
inventory. Continuation of the growth can detrimentally impact fleet 


material readiness. 


Recently NAVSEA took some steps to standardize (i.e. the pumps) 
with considerable success. The success of these standardization efforts 
demonstrates that the program is effective and leads to _ substantial 


payoffs. 


27 Interview with Mr. Jerry Lusk, LM2500 Manager, SPCC, May 
18, 1987. Mr. Lusk noted that the PM had not made provisions for 
interim support but was depending on the warranty to provide parts. The 
question must then be raised about parts support while the ship is 
underway unless the contractor is willing to provide every platform with a 
repair Kit. 


IV. COST ANALYSIS MODELS 


A. INTRODUCTION 

Chapter II discussed the requirement for making decisions on a cost- 
effective basis. In Chapter II] the problem with parts proliferation was 
discussed. Costs are the driver in most eCigiOne, but in neither chapter 
was the subject explicitly addressed. In this chapter the costs of 
standardization will be explored. First, three current models for 
measuring standardization costs will be reviewed. Next, a new model will 
be proposed that incorporates factors not considered by the other three 
models. Using the proposed model, the costs for non-standardization will 
be computed and the implications of the resulting non-standardization costs 
analyzed. Finally, the chapter will conclude with a brief discussion of the 


factors that must be considered in the decision to purchase Provisioning 


Technical Documentation (PTD).?® 


B. RESEARCH QUESTIONS 
This chapter will address the following research questions: 


1. What standardization costing models are available as tools in the 
decision process? 


2. What are the costs and impacts of non-standardization? 


98 For a thorough discussion of life-cycle costing, LCDR David L. 
Porter’s thesis, Controlling Life-Cycle Cost: A Management Perspective, 
provides an outstanding nae of the subject, and is highly recommended. 
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C. COSTING MODELS 
1. NAVSEA Logistics Center (NSLC) Model 

DOD and Navy guidance reviewed in the previous. chapters 
specifically stated that system procurements must be .cost-effective. 
However, nowhere is the means for measuring cost-effectiveness 
provided. The PM’s therefore need a means for analyzing the ILS cost 
associated with the introduction of ae equipment and for measuring the 
cost-effectiveness of procuring PTD. Mr. Richard Jones of NSLC has 


developed such a tool. | 


In developing the NSLC model, the following factors were 
determined to be important initial ILS costs related to standardization:?? 
“ajur LD 
b) Provisioning 
c) NSN/APL Maintenance 
d) Training — 
e) Technical Manuals 
f) Installation Drawings 
g) Configuration Control 
‘ T esting 
i) Planned Maintenance." 

The model was developed to be a part of the Request For 
Proposal (RFP) package. The premise is that the contractor would 
calculate the values for the factors based on a standard set of numbers. 
In that manner all competitors would be working from the same baseline. 
In line with A-109, the PM could then add the ILS costs to the acquisition 


costs to fairly assess the true costs for operating the contractor’s 


proposed system. 


99 Unless otherwise noted, the discussion of the NSLC model is 
taken from Mr. Richard Jones’ paper H,M&E Standardization. 
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Should a contractor with the lowest bid lose the contract because 
total operating costs were higher, the government could potentially be sued. 
Therefore, the model was developed using formulas generally accepted 


throughout the defense industry.!9° 


The resulting model is: 


C = 950 + 171.25(P) + ae ee + 1000(CL) + 20(Pop) - 


where C represents total ILS costs, 
P is the number of different parts in the equipment, 
L is the projected life-cycle of the equipment in years, 
PR is the equipment unit price, 
CL is the number of classes of ships per installation, and 
Pop is the number of ships. 


A detailed explanation of the model is provided in Appendix D. 


2. Defense Electronic Supply Center (DESC) Model 
A second model was developed by Mr. Charles E. Gastineau of the 
Defense Electronics Supply Center (DESC). He found het four factors 
account for 80% of the total life-cycle costs of a part related to 


standardization. They are: 


"(a) The cost of preparing a document that describes the 
nonstandard part, taking into account the labor charges, 
overhead, burden, and other charges related to document 
preparation. 

(b) The cost to test nonstandard parts which represents a major 
portion of the cost... 

(c) The cost of managing a part in the inventory which includes 
the cost of provisioning meetings, computer layout sheets, 
elc. 


100 Interview with Mr. Richard Jones, NSLC, Mechanicsburg, PA, 
May 17-22, 1987. 
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(d) The cost incurred in maintenance owing to the reliability or 
unreliability of a nonstandard part. This too is a major 
cost..."101 


Using the results of two studies, Mr. Gastineau then developed a 


simplified technique for analyzing the cost-effectiveness for applying 


standardization.192-193 


The resulting model is: 


CA = lid ordi + (4PT S/T eee oy Gee 
(y)(M3$/y)|(%ND)(NPN) + (y)($R/y), 


where CA represents the total ILS costs, 
H is the number of manhours, 
$/MH is the cost per MH, 
%ND is the percentage of drawings needed for the new parts, 
%PT is the percentage of parts tested which were new parts, 
$/T is the average cost per test, 
$/C is the cost to catalog (a one-time charge), 
y is the number of years, 
M$/y is the management cost per year, 
NPN is the number of new parts per drawing, and 
$R/y is the annual repair costs. 


A detailed explanation is provided in Appendix E. 


101 Charles E. Gastineau and Donald L. Kerr, "Don’t Cry: Justify", 
from The Economics of Standardization, edited by Robert B. T othpepeoss 


102 The two studies used were: (1) Charles L. McElroy and Ralph 

T. Rognlie, A Mathematical Model for Determination of Benefits Derived 

from Standardization of Electronic Parts and Components, Master’s 

Thesis, Air Force Institute of Technology, August 1969, and (2) National 

Aerospace Standards Committee, Aerospace Industries Association, 

Standardization Savings, Identification and Calculation, NAS1524, 31 August 

e first reference was cited by Messrs. Gastineau and Kear in 

the article "Don’t Cry : Justify". The second reference appears as an 
appendix in The Economics of Standardization. 


103 Unless otherwise noted, information for this discussion is taken 
from Messrs. Gastineau’s and Kerr’s article. 


3. Aerospace Industries Association of America (AIAA) 
The Aerospace Industries Association of America (AIAA) developed 
a third model, using nine factors, that provided the basis for the DESC 
“model. It assumed that savings from standardization would be accrued 
from: 
a) Increased quantity purchases, 
P} Reduced paperwork and handling, 
Reduced storage requirements, 
d) Reduced engineering search time, 
e) Using a standard stock part rather than establishing a new 
standard, 
4 Using a standard stock part in lieu of a new design, 
Reduction of the inventory range, 
h) pains a stocked standard part in lieu of a nonstocked part, 


(4) ia a known design rather than detailing the data 
completely for a new part on the drawing. 


The model requires an extensive amount of data and thus does not 
meet the simplification criteria necessary for PM acceptance. It is more 
applicable in decisions to standardize material already carried in inventory. 


The model is summarized in Appendix F. 


4. Model Analysis 

If any model is going to be accepted by the PM, then its results 
must provide valid numbers that can be used in decisions. To test the 
validity of the NSLC and DESC models, the author ran both models using 
common data.!9* If the results were proximate, then it could be assumed 
that both models provided the PM with a simplified tool. The manager 
could then select either one. 

104 The AIAA model was not tested. It is more applicable in the 


decision to standardize equipment or parts already in use rather than 
estimating the cost for introducing new equipment. The latter is the goal 


of the NSLC or DESC models. 
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Mr. Gastineau assumed that each part had a life of ten years 
before it was redesigned or eliminated from inventory. The ten-year 
assumption was therefore used for both models. All costs were inflated 
from their base year by a 5% annual rate. The 1987-1989 APL/part 
growth projected in Chapter III provided three different values for the 
number of parts to be introduced annually. Since less than 75% of all 
APL’s are installed on five or less ships, it was assumed that the each 
equipment was installed on five ships and, with such a low equipment 
distribution, all five ships were assumed to be from the same class. The 
NSLC model assumes that training ceases four years prior to equipment 
phase-out. If a 20-year life expectancy is used, then four years is 
logical. However, using only a 10-year life, training was assumed to stop 
two years prior to phase-out. Finally, as Mr. Gastineau observed, the 
four elements used in the DESC model accounted for only 80% of costs. 
Therefore, the DESC values were increased by dividing the results by 
80%. 


The models provided the following estimates of costs resulting 


from non-standardization: 


1987 1988 1989 
NSLC $280,828.9K  $301,956.9K $334,580.7K 
DESC 213,876.6K  230,160.8K 255,494.5K 


The detailed results are provided in Appendix G. 

The models provide the PM with a simplified tool, however, the 
differences in the results are too great to accept each at face value. In 
these tests certain factors were not considered. The most readily 


observed problem is that both models combined annual costs with one-time 
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charges. For instance, annual costs for managing NSN’s are combined with 
the one-time costs for provisioning. Furthermore, neither model considers 
the time value of money. Without a present value model, the PM does not 
have a means of comparing the 1987 acquisition outlays with 1994 logistics 
support costs. Thus, the numbers are not meaningful. The PM needs a 


simple tool that provides better costing information. 


D. STANDARDIZATION COSTING MODEL 

The following model incorporates the best elements of both models 
and provides a more complete, yet easy-to-use, tool. The goal of this 
model is to provide the manager with a methodology for evaluating the 
cost for adding a piece of new non-standard equipment to the fleet. Only 
costs resulting from the addition of non-standard equipment are 
considered. The model assumes that the workloads, e.g. maintenance and 
training, of both standard and non-standard equipment remain constant, and 
therefore those costs can be ignored. One-time costs are segregated 
from annual recurring charges so that the PM can estimate immediate 
impacts versus long-term affects. Furthermore it assumes a 10 year life 


expectancy to allow comparison with both the NSLC and DESC models. 


The model incorporates the one-time (non-recurring) costs of: 


. Provisioning 

Non-Standard Parts Drawing Documentation 
Testing 

Technical Manuals 

. Installation Drawings 

Training Equipment 

. Maintenance Aids (PMS Cards) 


Mrro oop 


PTD is conspicuously absent in the model. As is explained in Appendix H, 


the computations for estimating the PTD costs require too many 
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assumptions that could cause the PM to question the credibility of the 
model. In addition, an argument can be made that the government already 
owns the drawings and does not need to pay for PTD. On the other hand, 
the equipment may be the manufacturer’s own design and the government 
must pay for the complete package. In an effort to settle on a 
satisfactory middle ground the Non-Standard Parts Drawing Documentation 


element is included in the model. 


The model also ignores the costs for adding a second source of 
supply. Once a second source has been added, the costs for maintaining 
the industrial base increases. The timeframe of the thesis precluded it, 


but the concept merits consideration. 


The model also includes annual costs for: 

a. Stock Number Management 

b. Training Equipment Maintenance 

c. Configuration Control 

Costs for organic and depot maintenance have been ignored since it is 
assumed that the equipment will require the same amount of maintenance 
as the items it replaced, and therefore costs are not unique.t9° The 
costs for additional procurement actions, price increases resulting from 
volume reductions, and additional storage and handling have also been 


omitted. These elements are unique to each equipment and the additional 


complexity would detract from the simplicity. With the exception of 


105 In theory this may not be a valid assumption since maintenance 
requirements for new equipment "should" be less than the equipment it 
replaces. 
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training equipment maintenance, since each training pipeline differs, it is 


not possible to factor training costs. 
The resulting model for non-recurring costs is: 


{(MH)($/MH)[(.25P)/4](E)} + 
{450 + {[300(NSP) + 75(SP)](E)}} + {(%PT)($/T )(NSP)(E)} + 
{62.5P + 20(Pop)} + {1,000(CL)} + {2PR} + {500} 


and the model for annual costs is: 
{448(NSP)(E)} + {PR} + {20(BRF)(NSP)(E)} 


where MH is the number of manhours, 
$/MH is the cost per MH, 
P is the number of parts per equipment, 
E is the number of new equipment, 
NSP is the number of Non-Standard Parts, 
SP is the number of Standardized Parts per each new equipment, 
%PT is the percentage of parts tested, 
$/T is the average cost per test, 
Pop is the number of ships 
CL is the number .of different ship classes per installation, 
PR is the equipment unit price, and 
BRF is the Best Replacement Factor. 


Using the above model with the APL/Parts Growth computed in 
Chapter III and a 10% discount rate, the projected costs for introducing 
non-standard equipment and parts during 1987-1989 are: 

Non-Recurring Annual Life-Cycle 
Year Costs Costs Total Costs!?° 
1987 $263,975.5K $24,/15.7K $415,842.9K 
1988 $284,770.0K $26,566.5K $448,009.8K 
1989 $316,/20.0K $29,415.9K $497 ,467.8K 


The potential costs resulting from non-standardization are substantial. 


106 Non-Recurring and ten years of Annual Costs will not sum to 
Total Costs. Total Costs include the present value of the Annual Costs 
discounted 10% at the end of each year for 10 years. 
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Factoring a 5% inflation rate in the annual costs increases the Life- 


Cycle Total Costs to: 


Life-Cycle 
Year Total Savings 
1988 $481,476.1K 
1989 $521,210.8K 


The results of the Standardization Costing Model indicate that the 
NSLC and DESC models do not provide the manager with a picture of the 
total costs. If one accepts the assumptions of the Standardization Costing 
Model, then the decision by PM?’s to select nonstandard parts are causing 


significantly higher life cycle costs than the other models project. 


Appendix H provides a detailed description of the model, and the 
computational results are presented in Appendix I. As an illustration, the 
projected costs for Pumps (CC 01) are: 

Non-Recurring Annual Life-Cycle 
Year Costs Costs Total Costs!97 
1987 $ 13,026.8K Dede Soule MUM SSESIS 
1988 & 13,678.1K 6 1,299.9K & 21,665.6K 
1989 > 14,362.0K > 1,364.9K & 22,/48.9K 

The results of the model demonstrate that non-standardization is 
annually costing the Navy approximately a half billion dollars. If the other 
services experience the same situation, increased standardization provides 
DOD with a means of appeasing spending critics. In an era of reduced 


funding, especially highly vulnerable Operations and Maintenance, Navy 


(O&M,N) funds, as well as pressure to operate more efficiently, 


107 Non-Recurring and Annual Costs will not sum to Total Costs. 
Total Costs include the present value of the Annual Costs discounted 10% 
for 10 years. 


standardization can allow the service to improve readiness without 


sacrificing hardware or personnel. 


The next logical step is to eliminate part duplication. As noted in 
Chapter III, there are potentially more than 29,000 duplicate parts in the 
Navy supply system and approximately another 2,000 entering annually 
through 1989. Assuming that the non-recurring costs for the parts 
currently in the system have already been absorbed, so that only annual 
charges are incurred, and employing the Standardization Costing Model to 
estimate the cost for duplicates now entering, the potential life-cycle 


Savings are: 


Life-Cycle 
Year Total Savings 
Current ; : 
1987 2302. 1K 
1988 roppey A Wel S 
1989 2,/24.4K 


For instance, if the 29,268 potential duplicate parts estimated in 
_Chapter III were eliminated, the total savings that the Navy could realize 
over the 10-year life cycle would be $18,828.7K. Furthermore, if the 
estimated 1,968 potential duplicate parts entering the Navy supply system in 
1987 are precluded from doing so, an additional $2,372.1K could be saved 


over a 10-year life-cycle. 


The savings through standardization and duplication reduction are not 
additive. The savings achieved by reducing duplicate parts are included in 
the savings achieved by parts. standardization. However, the results 
demonstrate that reduction of non-standard parts can be achieved without 


paring equipment. 
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The projected savings do not include the personnel costs for 
identifying and reducing the duplicate population. Assuming that 10% of the 
savings will be used at $30 per hour, the funds available could provide for 
a team of 30 to perform the work.!98 Obviously, such a large staff is 


not necessary. 


E. PARTS AVAILABILITY 

Savings achieved by reducing the inventory range do not improve 
Supply Material Availability (SMA) unless some of those monies are used 
to increase the depths of the standardized items. While beyond the scope 
of this thesis to compute an individual item’s SMA improvement, it is 
possible to estimate the relative impact on the entire parts population if 
only a portion of the savings are re-invested. This is done by estimating 
the total number of units of each standardized part that can be added to 


inventory. 


Computing the potential number of units required several assumptions. 
The cost per part was not available, so it was estimated by dividing the 
average equipment price by the average number of parts in each 
equipment. Since the average number of parts per APL is known, the 
potential inventory range was computed by multiplying the number of parts 
per APL by the total number of APL’s at the end of 1986. Although it 
was recognized that not all items are stocked, this provided an adequate 


baseline for the remaining calculations. Using the assumption that 25% of 


108 This calculation assumes that the average government employee 
earns $30 per hour, including benefits, and is paid for 2,080 hours 
annually. 
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the parts in each APL are unique, the potential inventory range was 
reduced by 75% to estimate the range of different parts within each 
commodity class. This latter computation resulted in a range of 580,657, 
close to the estimated 600,000 managed by SPCC, thereby validating the 


calculations.!99 


In order to estimate the additional depths of parts, potential funds that 
could be generated through standardization and re-invested had to be 
estimated next. This required two calculations, one from savings achieved 
by reducing the annual operating expenses, and the other by reducing the 


non-recurring expenses. 


Annual cost savings available for re-investment were first computed. 
It was assumed that 50% of the duplicate parts and 25% of the nonstandard 
parts would be eliminated. The savings achieved by these two reductions 
were then added to compute the initial amount of funds available from 
annual operating savings. To take into account the impacts of competition 
and increased volume, that value was then increased by 25% to estimate 


the potential purchasing power. 


Similarly, savings available from reduction of non-recurring expenses 
were estimated. It was assumed that 25% of the equipment would be 
Standardized, and those savings would be used for increasing inventory. 


These savings were also increased by 25% to compensate for the effects 


109 The assumptions used in this paragraph were provided by 
NSLC. Interview with Mr. Richard Jones. 
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of competition to estimate the potential purchasing power generated by 


reduction of nonstandard equipment. 


Finally, the potential total savings were divided by the sum of the cost 
per part multiplied by the inventory range to get the increase in average 
inventory depth for all parts. This procedure did not provide meaningful 
results, however, since it only computed an increase of .03 units per CC. 
As shown in Appendix J, very few classes had an increase of 1 or more 
parts per line item. Therefore, for the data to be meaningful it was 
aggregated by both annual and nonrecurring savings. Next, each sum was 
divided by the average cost per part to compute the average number of 
units that could be bought with the savings. Unlike the Standardization 
Costing Model, for ease of computation, estimates were for the first year 
of the life cycle, and not the remaining nine years, and thus time value of 
money was not a factor. These results were substantially more 


significant, and are provided in the following table: 


Annual Annual # Total Total # 
Year Funds Pais Funds Parts 
Dup’s NA NA $ 11,767.9K Toss4 
1987 $ 8,464.9K 9,462 90,957.3K 101,672 
1988 9,090.1K 9,677 98,080.7K 104,414 
1989 10,043 .9K 10,183 109,018.8K L1G. 552 


Intuitively with a depth increase of this magnitude, SMA can only improve, 


and with it, so does fleet readiness. 


F. TECHNICAL DATA COSTING 

Throughout this thesis the importance of adequate technical 
documentation has been emphasized. However, Olson, Cunningham, and 
Wilkins noted that the costs for technical data could potentially offset the 
savings.119 Therefore technical data must not be bought blindly; it 


requires business sense to determine when to buy it and how much to pay. 


The PM must have a tool to aid in the decision of technical data 
viability. NSLC determined that the cost of data ownership was a 
function of: 


a. Population 

b. Unit Price 

c. Savings from Competition 

d. Obsolescence | 

e. Interest Rate 

f. Equipment Complexity (i.e. the number of parts) 
g. Part Replacement Rate 

h. Testing and Tools 

i. System Life 

j. Technological State of the Art 

k. Potential for Commercial Applications 


Using these elements, NSLC developed the Data Ownership Analysis 
model. It provides a basis for "measuring the potential savings 
achievable through full and open competition of all requirements throughout 
the life cycle of an equipment. The resultant model from this analysis 


provides a means to determine the threshold value up to which the 


110 Edward J. Brost, A Comparative Analysis of Sole Source 
Versus Competitive Prices in the Acquisition of Weapon System 
Replenishment Spare Parts, Master’s thesis, LSSR 51-82, Air Force 
Institute of Technology (AFIT), Wright-Patterson Air Force Base, Dayton, 
Ohio, September 1982, p 31-32, referencing Alan E. Olson, James A. 
Cunningham, and Donald J. Wilkins, A Cost-Benefit Analysis of 
Competitive Versus Sole-Source Procurement of Aircraft Replenishment 
Spare Parts, Master’s Thesis, SLSR 21-/4A, AFIT, January 1974 
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Government should be willing to pay for remanufacturing quality data with 
some probability of savings."1!1 Based on the model, if the potential 
savings are equal to or exceed the cost of the data, then it is cost 


effective to buy the technical data. 


To demonstrate the potential cost savings per commodity class would 
not provide useful information within the context of this thesis because the 
assumptions required to calculate the costs across the equipment spectrum 
are too broad to fit the individual items and would invalidate any results. 
However, the model does provide the PM with a useful tool, and for that 


reason, is presented in Appendix K. 


G. CHAPTER SUMMARY 

The manager needs a simple tool for determining the life cycle costs 
of fielding non-standard equipment. Two current models were evaluated. 
The DESC model, the more onset of the two, projected the 1989 
cost for non-standardization to be more than $250M. However, the 
differences between the two models were significant, and neither 
considered all factors. Thus, the Standardization Costing Model was 
proposed. This model incorporated cost elements of both the NSLC and 
DESC models as well as other factors, such as the time value of money, 
that those two models ignored. Using the same data, the Standardization 
Costing Model projected costs of more that $521M. Unlike the NSLC and 


DESC models, the Standardization Costing Model includes all the costs for 


111 Mr. Richard Jones, H,M&E Standardization. 
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non-standardization and provides the PM with a picture of the total life 


cycle costs. 


The potential savings are therefore substantial. Injecting part of these 
funds back into inventory are estimated to increase the repair parts 
population depth by more than 100,000 units per year. An increase of this 


magnitude, if wisely invested, can only improve fleet readiness. 
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V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 


A. INTRODUCTION 

The subsidiary research questions were examined in detail in Chapters 
2 through 4. In this chapter, the answers to these questions are 
summarized with appending conclusions. ~The primary research question is 
then addressed, and recommendations for improving management of non- 
standard items are offered. The chapter concludes with several areas 


meriting additional research. 


B. RESEARCH QUESTIONS 


Question 1. What is the relationship between the acquisition process 
and standardization of equipment and parts? 


The introduction of new equipment is governed by a myriad of OMB, 
FAR, and DOD regulations, instructions, and directives. The primary 
consideration of the guidance is deployment of new technology to meet the 


immediate threat. Long term supportability is only a secondary issue. 


System supportability is one of the factors that the PM must consider 
when evaluating system trade-offs. OMB Circular A-109 and DOD 
Directive 5000.1 require consideration of life-cycle costs as a part of the 


PM’s decision process, but don’t provide the manager with any guidelines. 


Consideration of non-standard parts does not appear to be a major 
issue in the DSARC process. However, recently guidance have been 
provided to control parts proliferation. Unfortunately, nothing forces the 


PM to support standardization. In fact, the PM can override the 
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_ recommendations provided by Military Parts Control Advisory Groups 


(MPCAG) and the Departmental Standardization Officer (DepSO). 


Conclusion. DOD already has the bility to control entry of non- 
standard parts into the system, but it does not provide any responsibility 
or authority to organizations which can enforce standardization. For 
example, if part proliferation is to be controlled, the DSARC process must 
give more consideration to life-cycle support issues. However, until the 
PM’s are given the tools to facilitate making such decisions, restrictions 
cannot be imposed. The PM is held accountable for all his/her decisions 
and should not be thwarted by a bureaucratic process that does not 
understand the project. The DOD organization must not be an impediment 
to a much needed weapon system. Once the PM has the tools, then a total 
assessment is not only prudent, but should be evaluated during DSARC. 

Question #2. How has the lack of technical documentation caused 
inventory ranges to expand? 

Technical data needed for standardization of parts is expensive. 
Thus, it is not unusual for PM’s to delay data procurement in order to 
spend the project’s limited funds on hardware development. Items lacking 
technical data will be assigned NSN’s, even if a duplicate exists, because 
the Defense Logistics Supply Center (DLSC) does not have the capability 
to compare the part with current inventory. A change in the Federal 
. Supply Code for Manufacturers (FSCM) or Part Number (P/N) is all that 
is needed. The problem has been exacerbated by the lack of information 
available to cross check submissions. DLSC is addressing this issue but, 


in the meantime, the inventory ranges increase. 
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Conclusion. The technical data is needed to effect standardization. 
However, the decision to procure technical data must be based on life- 
cycle effectiveness. From the fleets’ perspective, the onus is on the 
supply system to provide support even though the PM failed to purchase 
adequate documentation. If the PM decides against procuring the data, then 
the supply system should require that the PM annually provide funds for 
inventory support. The costs may be sufficient to force the manager to 
reconsider the decision. If the annual costs are expected to be 
insignificant and the impact on readiness inconsequential, then it was a 


sound business decision not to purchase data. 


Question #3. How does Navy policy affect inventory standardization? 

Navy policy clearly supports the goals of standardization. Yet, until 
recently, NAVSEA specifically excluded the shipbuilding program from 
standardization requirements. As a result, 40% of all the Navy’s non- 


standard parts were generated during new construction. 


NAVSEA has finally taken the first step to reduce proliferation by 
requiring adherence to the DOD Parts Control Program (PCP). It may 
take the organization’s bureaucracy awhile to change direction, but 


NAVSEA has placed increased attention on the issue. 


The issue of incentives as a means to encourage industry to increase 
use of standard parts has never been fully explored. A relatively 
insignificant attempt on the USS EISENHOWER contract did not provide 


Newport News Shipbuilding with a meaningful incentive. 
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Engineers are not provided with the capability for rapidly screening 
DOD inventories for common parts. The engineers must manually search 
microfiche copies of the NAVSEA Standard Component List (NSCL) and 
the Master Index of Allowance Parts Lists (MIAPL). The Technical 
Logistics Reference Network (TLRN) is slow and can take upwards of 5 
hours to search for a part. DLA is developing a system that searches for 
a part based on 10 characteristics and averages 9.5 minutes per part. 
However, the engineer frequently needs more than the 10 character limit 
in order to fully identify the equipment requirements. DLA does not have 


plans to install the system at the working level. 


In a procurement the use of performance (form, fit, and function) as 
the sole criteria adds to part proliferation while reducing standardization. 
The criteria is intended, however, to stimulate competition. If the 
procurement is not administered wisely, the costs of non-standardization 


can far outweigh the savings generated from the competition. 


Conclusion. Acceptance of the standardization program can be 
accelerated by establishing standardization goals for PM’s and Naval Ship 
Yard (NSY) Commanders. Additional emphasis must be also placed on 
increased incentives for the contractor. However, until the engineers are 
provided with adequate tools to aid in the parts selection process, 
incentives will be an ineffective method for increasing standardization. 
NAVSEA Logistics Center (NSLC) has made great strides to provide the 
tool. Unfortunately, DLA does not have any intention on providing the 
designer with access Luly; to the CSS. With pressure to meet the 


tight schedules and emphasis on increasing productivity, engineers can be 
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expected to continue to follow the path of least resistance by opting for 
readily identifiable non-standard parts. 
estion #4. What are the potential impacts of non-standardization on 
the Navy’s inventory levels? 
Based on the tables in Chapter III, the annual number of non-standard 
equipment deploying is expected to increase to approximately 11,500 by 
1989. This, in turn, results in an annual spare and repair parts growth 


of more than 42,000 by 1989. 


Conclusion. As annual appropriations tighten, the funds for depth that 
should be purchased are being diverted to support the added range. 
Consequently, weapon systems may not receive adequate support. 
Unfortunately, all systems will be affected, not just the ones where the 


PM discounted standardization efforts. 


Question #5. What is being done to implement standardization? 

The Navy has several ongoing standardization programs. The 2-Inch 
and Under Valve pioieel is expected to save the Navy over $/700M dollars 
over the life of the equipment. Shortly, standardization of the P-250 Fire 
Pump and the Titanium Fire Pump will be completed with simula 
expectations. As a result of the reduction in the range of parts, it is 


anticipated: that material support will significantly improve. 


Conclusion. The savings along with the improved material support 
only lends further support to the arguments for standardization. The 


conclusion is self-explanatory; the efforts must continue. 
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Question #6. What standardization costing models are available as 
tools in the decision process? 


If the PM is going to accept a costing model as a decision tool, then it 
must be simple and reliable. At the present, two models provide this, one 
from NSLC and another from DESC. AIAA has also developed a model, 
Sue it is far too complex to be practical and is more applicable to 
decisions concerning standardization of non-standard parts already in 


inventory. 


Unfortunately, the NSLC and DESC models do not consider all costs. 
Both ignore the time value of money, thereby overstating the life-cycle 
costs. the NSLC niece does not include the one-time charges for 
documentation and _ testing. Ghesanical manuals, training equipment, 
maintenance aids, and configuration control are not considered by the 
DESC model. Therefore, a Standardization Costing Model that 
incorporates features from all three models (including. AIAA’s) was 
proposed. It is a simplified model that provides the PM with a more 


complete picture of the life-cycle costs. 


Conclusion. The PM has two tools available, but, if parts 
proliferation 1s a reliable indicator, obtaining wide-spread acceptance of 
the models has been less than outstanding. Efforts have been undertaken 
recently at NAVSEA to incorporate the NSLC model into the planning 


process.!!2 The Standardization Costing Model proposed in this thesis 


112 Commander, Naval Sea Systems Command, Use of Total Cost 
Concept to Determine Performance Specification Assemblies Breakout 
Candidates, Letter to Commander, Naval Supply Systems Command (PML- 
550), 4408 OPR:CEL-MS2 Ser CEL-MS/4080, 18 May 1987. 


ie 


provides an alternative. It combines simplicity with greater life-cycle 


cost visibility, and should be considered by the program manager. 


Question #7. What are the costs and impacts of non-standardization? 

Using the Standardization Costing Model developed in Chapter IV, life 
cycle costs resulting from continued introduction of non-standard parts 
will increase from $415.8M in 1987 to 497.5M in 1989. If a 5% inflation 
rate is factored in the computation, then the costs change to $447.0M in 


1987 and $521.2M in 1989. 


If a freeze on new non-standard parts is imposed, only 69% of the 
potential savings could be immediately realized. The remaining savings 


would accrue over the next several years. 


It is difficult to assess the impact on Supply Material Availability 
(SMA) if the savings from a non-standard part freeze are re-invested in 
depth. However, by 1989, the expected savings could provide every ship in 
the KIDD (DDG-993) class with a depth increase of 1 for every 


authorized part. 


Conclusion. The projected costs of non-standardization are. 
astronomical. If the assumptions used to develop the model are 
acceptable, then savings from standardization can both increase inventory 
depth, and ‘reduce logistics costs and operating expenses. Fleet readiness 


will be the ultimate benefactor. 
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C. RECOMMENDATIONS 

The remainder of this chapter is devoted to the primary research 
question: How can the Navy improve management of non-standard 
inventory? The recommendations are oriented towards two separate 
parties: 


1. Navy Supply Systems activities, and 
2. Policy setting organizations. 


1. Supply System Recommendations 
Improved SMA, and hence fleet readiness, is the primary issue 
addressed by this section. The secondary issue, considered in conjunction 


with the primary goal, is cost reduction. 


To resolve these issues requires a four-step approach. The first 
step is reduction of duplicate parts already in the system. The second is 
identification of simular iris that lend themselves to consolidation. The 
third step is re-investment of savings for increased depth, and the fourth 


is education to sustain the standardization effort. 


The fastest way to reduce the range is through elimination of 
duplicate parts. This elimination enables the supply system to invest more 
monies in the remaining inventory. The NSLC CCF Modernization project, 
when completed, will provide the capability to rapidly screen the data base 


and hence improve identification of existing parts during the design phase. 


The next step is consolidation of items that have similar 
characteristics but are not identical. It encompasses identification of 
parts with high failure rates (BRF’s) and low population. An arbitrary 


starting point would be with parts that have a BRF of 50% or more, are 


Ts, 


used on five or fewer platforms, and which 75% of the characteristics 
are identical.143 A fourth decision parameter may be parts that have 
experienced a C-3 or C-4 Casualty Report (CASREPT) within the past 
year or which have the potential for causing a CASREPT. As the parts 
are identified, decisions to redesign parts or equipment for substitutability 
or interchangeability (S/I) should be made with the consent of the 
Hardware Systems Command (HSC). It is the responsibility of the HSC 
to assess the impact on mission performance that such a change may 


cause. 


The AIAA model provided in Chapter IV can assist with the 
decision to redesign the part. It provides the engineer, logistician, and 
HSC a tool for comparing cost savings for standardizing the parts. The 
costs can then be compared with potential for improved SMA allowing the 
PM to make an informed decision. Again, the NSLC CCF project, when 
completed, will permit the engineer to screen the SPCC data base for the. 


applicable parts. 


Potential cost savings should be a criterion in determining which 
items to consolidate: However, it should be pointed out that costs are of 
secondary concern; SMA is the primary issue. The analysis recommended 
above can begin in the areas where savings potential are greatest. This 
enables the engineer to concentrate on effectiveness while exacting the 


greatest return in savings. 


113 The selection of a 50% BRF was strictly arbitrary. The value 
for 5 ships was selected since over 73% of the APL’s are found on 5 or 
fewer ships. 
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The timing of a reduction in range should coincide with an 
increase in depth. This can only transpire if the funds saved are quickly 
made available for re-investment.!44 Unfortunately, the potential savings 
forecast in Chapter IV are funds from different sources (e.g. O&M,N, 
NSF, WPN, and OPN). It will take the concurrence of the individual 


weapon system sponsors to "trade" for the applicable appropriations. 


Finally, it is essential that an educational program be undertaken 
so that managers in headquarters activities fully comprehend the 
detrimental effects of non-standardization and the savings which can result 
from standardization. Only with the concurrence and, Files importantly, 
the sustained support of the decision makers, will the benefits of 


standardization be realized. 


2. Other Recommendations 
Resolving the problem of non-standardization requires support from 
all echelons, from Secretariat to the HSC level to the supply system. 
Once support is garnered from the top, then it is likely that everyone else 


will fall in line. 


A proponent must be established within SECNAV, and it is 
appropriate to assign the responsibility to the Competition Advocate’s 


Office (CAO). The wherewithal is available as the CAO already 


‘114 Reduction of part range without an increase in depth is 
essentially nothing more than elimination of inventory without 
replenishment. As non-standard items are issued, replacement orders are 


not placed and, as such, fewer requisitions can be satisfied from on hand 
inventory. 
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reviews specifications. It is a natural extension and it allows the office 


to operate in a business strategy role. 


Throughout the thesis it has been noted that while programs have 
been established they are often not fully supported financially. One of the 
reasons has been the standards offices’ lack of authority with respect to 
acquisition decisions. This can quickly be alleviated by providing the CAO 
with "control of the purse strings." As acquisition strategies of the 
individual projects are reviewed, standardization efforts can be assessed. 
If the program is unsatisfactory, then funding can be withheld. In this 
manner, the PM still has the authority | to reject the MPCAG’s 
recommendation, but the PM must persuade the CAO that it was a wise 


decision. 


An alternative is to make the MPCAG and standards offices’ 
recommendations a part of the DSARC/SSARC process. During milestone 
reviews, the PM would then address the project’s standardization efforts. 
This must begin with the very first review since once approval is given 
to Full Scale Engineering and Development (FSED) it becomes too costly 


to change a non-standard part to a standard one. 


The HSC’s also need to provide their internal standards programs 
with increased authority and an appropriate mission. Currently, the role 
of the NAVSEA Standardization Office is to review specifications rather 
than initiate programs. Goals are set based on the number of 
specifications reviewed and brought up to date. It is work that must be 


done but the goal reenforces a relatively ineffective program. Priorities 
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of the NAVSEA Office can be reset by establishing a goal for savings 
(not a percentage, but actual dollar values) rather than workload. In this 


manner then the office can take a proactive role. 


Once the mission is redefined, then the offices will have the 
ability to assist PM’s in standardization efforts. Furthermore, they can 
play a role similar to the CAO. PM’s are always looking for additional 
monies. By providing the Command Standardization Officer (ComSO) 
with a portion of the HSC’s budget, the ComSO can fund individual 
project’s standardization programs offering the greatest return. It not 
only gives the ComSO more authority, but also offers the PM another 


incentive to use standard parts. 


D. FUTURE RESEARCH 
This thesis has presented a preliminary evaluation of Navy related 
problems caused by non-standard parts. In the course of this evaluation 


many areas surfaced that offered potential for further research. 


All thesis research concentrated on Department of Defense and Navy 
problems. There is also a vast amount of experience outside the 
government, and DOD can learn from the standardization lessons of 
companies such as Ford, American Airlines, and Sears. Many of their 


lessons can be readily applied to the supply system. 


The Standardization Costing Model used many assumptions, some 
necessarily arbitrary. For instance the costs for configuration control 
were based on experience rather than substantive data. The intent of the 


model was not to perfectly predict the costs for non-standardization, but 
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rather to provide the PM with a decision-making tool. The assumptions 
used must be validated. Once that is completed, then the model should be 
microscopically examined to ensure that it is not overlooking an important 
variable. In this manner the PM can be assured that the model is an 


effective tool. 


The thesis was written from the perspective of a logistician and, as 
such, issues that appear to be problems may not be viewed the same way 
by the PM. The PM has many other problems, all clamoring for 
attention. Issues such as standardization may not receive the same 
priority an inventory oriented person may give it. The views of the PM 


must be addressed if this issue 1s to be completely understood. 


One of the goals of this thesis was that it would form the basis for 
a. central reference source. It has accomplished this goal, but there is 
much more to standardization than inventory. Training programs, techni 
manuals, maintenance procedures, and intermediate and depot level repair 
programs are also affected by the lack of commonalty. For all involved 
to fully understand the issue of standardization, a future undertaking must 


address these areas. 


APPENDIX A : APL AND PARTS GROWTH DATA 


Appendix A summarizes the data used to develop the APL and Parts 
Growth estimates and the results of the model. Data for the Ship 
Population table, A.l, was provided by Chief of Naval Operations, OP- 
90K. NSLC supplied the information from the WSF for the APL Dae 
table, A.2. The data for A.2 is presented in two parts since not all data 
could be printed on one page. The APL Statistical Summary table, aS, 
provides the statistics and regression analysis results used in estimating 
APL growth for each commodity class. Numbers enclosed in parentheses 
() denote negative values. Table A.3 is also presented in two parts. The 
final table, APL and Part Growth Results, A.4, shows the growth of 


equipment and parts by each commodity class. 
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Nomenclature 


Total Ships 
Deliveries 


Total Ships 
Deliveries 


—=— = a oe 


A.1 Ship Population 
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SS = 


Nomenclature 
PUMPS 
BOILERS 
HEAT EXCHANGERS 
CONOENSERS 
TURBINES 
COMPRESSORS 
HEATERS 
OISTILLING PLANTS 
BATTERY CHANGERS 
METERS 
CONVERTERS 
TRANSFORMERS 
CIRCUIT BREAKERS 
CONTROLLERS 
GENERATORS 
MOTORS 
MOTOR GENERATORS 
RELAYS 
RHEOSTATS 
SWITCHES 
SWITCHBOAROS 
VISUAL ALARMS 
LIGHTING FIXTURES 
GYRO COMPASSES 
PROJECTION EQUIP 
1/C EQUIP 
NAVIGATIONAL EQUIP 
INJECTORS 
BURNERS 
MARINE HAROWARE 
REFRIG EQUIP 
AIR CONDITIONING 
STARTERS 
WIPERS 
AUOIBLE ALARMS 
BEARINGS 
INDICATORS 
CLUTCHES 
FANS 
SHOP EQUIP 
REGULATORS 
GALLEY EQUIP 
OEHYORATORS 
GAGES 
TESTING EQUIP 
FILTERS 
PANELS 


Commodity 
Class 


heed 
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A.2 APL Data 


1979 1980 
ant 222 
5 15 
37 30 
11 12 
14 13 
37 32 
155 115 
6 g 
18 16 
10 12 
16 53 
5 37 
110 186 
225 308 
24 25 
331 468 
6 4 
49 172 
2 g 
181 180 
56 66 
g g 

5 15 
17 13 
, 1 
30 55 
14 2 
1° 2 

1 , 
45 24 
176 166 
42 10 
5 g 

2 4 

5 6 
14 3 
126 74 
1 3 
29 128 
93 80 
13 23 
91 67 
g g 
95 65 
29 26 
133 144 
130 229 
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188 


189 


182 


138 


178 


Nomenclature 
ISOLATORS 
HYDRALIC EQUIP 
CAPSTANS 
REELS 
DAVITS 
CRANES 
HOISTS 
ELEVATORS 
STEERING EQUIP 
CONTROL EQUIP 
WINCHES 
WINDLASSES 
FIREFIGHTING EQUIP 
LUBRICATORS 
ENGINES 
PLUMBING EQUIP 
GEARS AND REDUCERS 
GOVERNORS 
IGNITION EQUIP 
EJECTORS 
EDUCTORS 
STRAINERS 
PURIFIERS 
TRAPS-STEAM 
COUPLINGS 
SILENCING EQUIP 
BRAKES 
BLOWERS 
WELDING SYSTEMS 
BOAT PROPULSION 
DECK MACHINERY 
PHOTOGRAPHIC EQUIP 
UNDERWATER LOG EQUIP 
VALVES 
MISC PARTS 
LAUNDRY EQUIP 
TANKS 
rire, HOSE, <% FITTINGS 
ASW EQUIP 
YELLOW GEAR 
PERISCOPES 
MISC EQUIP 


GRAND TOTALS 


Commodity 


Class 


7,011 


A.2 APL Data 


1978 1979 1982 
2 2 2 
47 25 28 
2 2 4 
il 6 13 
3 1 

g 4 30 
46 17 28 
7 18 25 

3 Q 2 
244 328 363 
18 15 5 
4 4 4 
31 20 27 
15 12 6 
30 33 28 
13 g 11 
47 18 46 
4 12 6 

1) 1 2 

5 2 2 

2 2 B 
196 90 90 
12 5 4 
16 16 12 
23 10 30 
2 4 2 
23 12 55 
g 12 16 
26 Zi 11 
12 20 21 
55 63 41 
1 2 1 

7 3 1 
2,458 1,991 1,961 
107 396 166 
28 27, 25 
9 5 17 

3 4 g 

3 6 2 
1,813 1,589 1,358 
16 1 2 
56 26 68 
7,867 7,378 7,662 
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186 


162 
4) 
17 


6,953 


1,38 
3 
43 


9,426 


1983 





633 


3,598 


1984 


8,952 


Nomenclature 
PUMPS 
BOILERS 
HEAT EXCHANGERS 
CONDENSERS 
TURBINES 
COMPRESSORS 
HEATERS 
DISTILLING PLANTS 
BATTERY CHANGERS 
METERS 
CONVERTERS 
TRANSFORMERS 
CIRCUIT BREAKERS 
CONTROLLERS 
GENERATORS 
MOTORS 
MOTOR GENERATORS 
RELAYS 
RHEOSTATS 
SWITCHES 
SWITCHBOARDS 
VISUAL ALARMS 
LIGHTING FIXTURES 
GYRO COMPASSES 
PROJECTION EQUIP 
76 EQUIP 
NAVIGATIONAL EQUIP 
INJECTORS 
BURNERS 
MARINE HARDWARE 
REFRIG EQUIP 
AIR CONDITIONING 
STARTERS 
WIPERS 
AUDIBLE ALARMS 
BEARINGS 
INDICATORS 
CLUTCHES 
FANS 
SHOP EQUIP 
REGULATORS 
GALLEY EQUIP 
DEHYDRATORS 
GAGES 
TESTING EQUIP 
FILTERS 
PANELS 


=) 


11 


240 
242 


1986 


Sis) 


226 


A.2 APL Data 


Total 
APL’s 


3,971 
11,812 
704 
14,014 
351 
1,543 
509 
9,260 
2,839 
615 
1,035 
826 
54 
1,286 
322 
71 
109 
1,573 
3,497 
206 
216 
178 
99 
632 
2,192 
146 
2,292 
3,208 
884 
2,142 
247 
3,252 
637 
3,563 
4,265 


1983 Ave 
Equip Price Population 


8,957 
17,898 
6,846 
8,492 
124,067 
18,298 
1,042 
15,429 
5,059 
2,664 
8,254 
388 
276 
494 
75529) | 
a, 455 
25, 566 
22 
657 
403 
7,218 
489 
dae! 
5,863 
0 
2,429 
422 
ihiooc 
14,362 
V075 
9,527 
3,442 
7,894 
61 
B,007 
14,626 
pole 
29,547 
2,909 
1,245 
We ee 
6,441 
16,455 
i383 
2,262 
oes 
1,928 
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Fleet 


See ee ee Se SS ee ee 


118,072 
A Nigo20 
30,242 
7,394 
769 
12,943 
97,449 
S475 
5; 188 
8,281 
15; WS 
182,412 
887 , 873 
199.325 
18,273 
177,256 
3,094 
92,811 
8,052 


1,039,502 


16,258 
273,07 


1,404,922 


23,541 
5759 
266,648 
9,447 
51,618 
4,529 
coc 
62,866 
4,747 
4,512 
11,381 
1,006 
113126 
98,842 
3,134 
92,019 
21,565 
15,603 
30,416 
4,629 
66,022 
17,445 
Si,,S77 
81,583 


A.2 APL Data 


90 


Tate. 1983 Ave Fleet 

Namenclature 1985 1986 APES Equip Price Papulation 
ISOLATORS 1 rH) 20 4,836 986 
HYDRALIC EQUIP 184 220 1,368 31,718 21,552 
CAPSTANS 6 5 149 27 ,236 1,059 
REELS 28 25 326 2,270 8,290 
DAVITS 2 12 191 14,265 1,021 
CRANES 12 14 327 81,520 1,295 
HOISTS 45 63 77 2,616 4,551 
ELEVATORS 13 9 740 6,310 4,759 
STEERING EQUIP 4 19 132 1) 683 
CONTROL EQUIP 479 463 6,785 972 350,227 
WINCHES 34 63 742 27 ,932 5,742 
-WINDLASSES 3 2 162 20,595 872 
FIREFIGHTING EQUIP 92 62 345 2,661 74,092 
LUBRICATORS 14 8 253 1,118 8,458 
ENGINES 85 67 526 62,971 6,777 
PLUMBING EQUIP ) 20 259 2 70,414 
GEARS AND REDUCERS 79 93 1,349 37,715 18,731 
GOVERNORS 52 38 390 19,515 6,511 
IGNITION EQUIP ') 1 4 2,880 712 
EJECTORS 4 7 415 9,653 4,246 
EDUCTORS 4 6 369 2,684 5,939 
STRAINERS 81 176 4,191 92 147,895 
PURIFIERS 27 47 267 18,278 4,996 
TRAPS-STEAM 24 13 1,814 314 117,576 
COUPLINGS 72 66 942 14,574 46,510 
SILENCING EQUIP 11 1 161 682 2,680 
BRAKES 37 57 828 1,729 8,997 
BLOWERS 5 6 240 8,061 7,279 
WELDING SYSTEMS 33 47 367 ‘) 3,376 
BOAT PROPULSION 23 64 999 40,504 7,528 
DECK MACHINERY 22 41 1,663 3,520 31,599 
PHOTOGRAPHIC EQUIP 5 7 72 1) 2,176 
UNDERWATER LOG EQUIP 2 5 207 6,169 6,716 
VALVES 2,078 . 2.816 59,254 180 4,118,582 
MISC PARTS 175 117 2,398 1,010 31,842 
LAUNDRY EQUIP 104 85 561 5,507 18,346 
TANKS 9 27 764 37,532 12,353 
PIPE, HOSE, & FITTINGS 3 6 139 5,878 3,322 
ASW EQUIP 14 8 72 10,735 698 
YELLOW GEAR 864 1,399 1,787 a 42,385 
PERISCOPES f) 1 361 7,762 5,750 
MISC EQUIP 99 39 1,726 248 768,456 
GRAND TOTALS 12,546 12,595 188,731 11,499,934 


Nomenclature 
PUMPS 
BOILERS 
HEAT EXCHANGERS 
CONDENSERS 
TURBINES 
COMPRESSORS 
HEATERS 
DISTILLING PLANTS 
BATTERY CHANGERS 
METERS 
CONVERTERS 
TRANSFORMERS 
CIRCUIT BREAKERS 
CONTROLLERS 
GENERATORS 
MOTORS 
MOTOR GENERATORS 
RELAYS 
RHEOSTATS 
SWITCHES 
SWITCHBOARDS 
VISUAL ALARMS 
LIGHTING FIXTURES 
GYRO COMPASSES 
PROJECTION EQUIP 
I/C EQUIP 
NAVIGATIONAL EQUIP 
INJECTORS 
BURNERS 
MARINE HARDWARE 
REFRIG EQUIP 
AIR CONDITIONING | 
STARTERS 
WIPERS 
AUDIBLE ALARMS 
BEARINGS 
INDICATORS 
SEUTCHES 
FANS 
SHOP EQUIP 
REGULATORS 
GALLEY EQUIP 
DEHYDRATORS 
GAGES 
TESTING EQUIP 
PIETERS 
PANELS 


1S" yr 
Ave 


—_——_ Sees = 


5 Yr 
Ave 


are a= 


132 


198 
258 


A.3 APL Statistical Summary 


Constont Totol Deliveries Constont Totol Ships Deliveries 
Coeff Coeff Coeff T-Ratio T-Rotio T-Ratio 
(2,877.902) 6.62629 (7.62) 8.85 
(285.378) 6.558308 3.249000 (4.13) 4.05 3.19 
(1,295.908) 3.27699 (4.97) 5.97 
(169.338) 6.36412 (4.61) 5.01 
(1,191.008) 2.86429 (4.06) 4.93 
(475.608) 1.053288 7.143002 (2.808) S11 2.86 
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A.3 APL Statistical Summary 


19 Yr ion d i Constont Tatol Deliveries Constant Total Ships Deliveries 
Nomenclature Ave Ave Coeff Caeff Caeff T-Rotia T-Ratia T-Ratig 
ISOLATORS g 9 
HYDRALIC EQUIP 74 118 (893.988) 1.91748 (4.63) 5.92 
CAPSTANS 4 5 (16.318) 6.855178 8.161119 (5:52) 3.88 2256 
REELS 17 24 (186.788) 9.24437 CERES. 4.54 
DAVITS 4 § 
CRANES ial 8 
HOISTS 35 40 
ELEVATORS 12 14 
STEERING EQUIP 5 5 
CONTROL EQUIP 339 389 
WINCHES 26 49 (225.680) 9.49850 (4.18) 4.67 
WINDLASSES 4 4 
FIREFIGHTING EQUIP 45 60 
LUBRICATORS 12 14 
ENGINES 42 54 
PLUMBING EQUIP 19 a2 
GEARS AND REDUCERS =} 65 
GOVERNORS 22 55° (217.268). 8.47387 (5.44) 6.00 
IGNITION EQUIP g ’) 
EJECTORS 4 
EDUCTORS Z 5 (32.195) 8.86695 (9.58) 18.82 
STRAINERS 197 106 
PURIFIERS 19 26 
TRAPS-STEAM 13 14 
COUPLINGS 36 S35. (299.710) 2.66592 CG.on) 7.32 
SILENCING EQUIP 4 7 
BRAKES 33 41 
BLOWERS 9 5 
WELDING SYSTEMS 27 38 
BOAT PROPULSION 26 55 
DECK MACHINERY 48 42 
PHOTOGRAPHIC EQUIP 3 3 
UNDERWATER LOG EQUIP 2 1 
VALVES 1,968 1961 
MISC PARTS 227 287 
LAUNDRY EQUIP 58 87 (1,896.888) 2.35492 (4.14) 4.59 
TANKS 19 Zo 
PIPE, HOSE, & FITTINGS 4 4 
ASW EQUIP 6 18 
VELLOW GEAR 1,207 1165 
PERISCOPES 6 & 
MISC EQUIP 55 67 


GRAND TOTALS 8,778 18, 183 


oye 


Nomenclature R-Squared 
PUMPS 
BOILERS 
HEAT EXCHANGERS 
CONDENSERS 
TURBINES 
COMPRESSORS 
HEATERS 
DISTILLING PLANTS 
BATTERY CHANGERS 
METERS 
CONVERTERS 
TRANSFORMERS 
CIRCUIT BREAKERS 
CONTROLLERS 90.70% 
GENERATORS 81.60% 
MOTORS 
MOTOR GENERATORS 
RELAYS 
RHEOSTATS 
SWITCHES 81.70% 
SWITCHBOARDS 
VISUAL ALARMS 
LIGHTING FIXTURES 
GYRO COMPASSES 
PROJECTION EQUIP 
I/C EQUIP 
NAVIGATIONAL EQUIP 75.80% 
INJECTORS 
BURNERS 
MARINE HAROWARE 
REFRIG EQUIP 75.30% 
AIR CONDITIONING 
STARTERS 
WIPERS 
AUDIBLE ALARMS 
BEARINGS 
INDICATORS 
CLUTCHES 
FANS 
SHOP EQUIP 74.90% 
REGULATORS 
GALLEY EQUIP 
DEHYDRATORS 
GAGES 
TESTING EQUIP 
BILTERS 
PANELS 
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Nomenclature R-Squared 

ISOLATORS 

HYDRALIC EQUIP 75.90% 
CAPSTANS 76.80% 
REEES 72.10% 
DAVITS 

CRANES 

HOISTS 

ELEVATORS 


STEERING EQUIP 

CONTROL EQUIP 

WINCHES 73.10% 
WINDLASSES 

FIREFIGHTING EQUIP 

LUBRICATORS 

ENGINES 

PLUMBING EQUIP 

GEARS AND REDUCERS 

GOVERNORS 81.80% 
IGNITION EQUIP 

EJECTORS 

EDUCTORS 92.60% 
STRAINERS 

PURIFIERS 

TRAPS-STEAM 

COUPLINGS 86. 90% 
SILENCING EQUIP 

BRAKES 

BLOWERS 

WELDING SYSTEMS 

BOAT PROPULSION 

DECK MACHINERY 

PHOTOGRAPHIC EQUIP 

UNDERWATER LOG EQUIP 

VALVES 

MISC PARTS 

LAUNDRY EQUIP 71.70% 
TANKS 

PIPE, HOSE, & FITTINGS 

ASW EQUIP 

YELLOW GEAR 

PERISCOPES 

MISC EQUIP 


GRAND TOTALS 
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A.4 APL and Part Growth Results 


1987 Projected 1988 Projected 1989 Projected 1987 Add 1988 Add 1989 Add 


Nomenclature APL Growth APL Growth APL Growth New Ports New Parts New Ports 
PUMPS 479 479 479 2,036 2,036 2,036 
BOILERS 8 8 8 188 188 188 
HEAT EXCHANGERS 57 57 57 114 114 114 
CONDENSERS 11 1 11 25 25 25 
TURBINES 19 19 19 537 537 537 
COMPRESSORS 59 59 59 1,136 1,136 1,136 
HEATERS 172 172 We 215 215 215 
DISTILLING PLANTS 11 a 11 44 44 44 
BATTERY CHANGERS 25 25 25 94 94 94 
METERS 21 21 21 16 16 16 
CONVERTERS 46 46 4g 230 230 230 
TRANSFORMERS 9 g 9 2 2 2 
CIRCUIT BREAKERS 150 150 152 375 375 375 
CONTROLLERS 982 968 1,120 3,528 3,871 4,479 
GENERATORS 75 66 114 317 279 485 
MOTORS 981 981 981 1,226 1,226 1,226 
MOTOR GENERATORS 9 9 g 27 7 27 
RELAYS 58 58 58 73 73 73 
RHEOSTATS 6 6 6 g g g 
SWITCHES 455 495 566 455 495 S66 
SWITCHBOARDS 73 73 73 274 274 274 
VISUAL ALARMS 18 18 18 27 27 27 
LIGHTING FIXTURES 38 38 38 48 48 48 
GYRO COMPASSES 20 20 20 190 190 190 
PROJECTION EQUIP 2 2 2 39 39 39 
I/C EQUIP 46 46 46 184 184 184 
NAVIGATIONAL EQUIP 38 43 51 426 479 573 
INJECTORS 3 3 3 20 20 20 
BURNERS 5 5 5 45 45 45 
MARINE HARDWARE 46 40 40 80 80 8d 
REFRIG EQUIP 439 476 542 1,097 1,198 1,354 
AIR CONDITIONING 26 26 26 85 35 35 
STARTERS 14 14 14° 105 105 105 
WIPERS 6 6 6 21 21 21 
AUDIBLE ALARMS 10 10 10 "25 25 25 
BEARINGS 14 14 14 18 18 18 
INDICATORS 161 161 161 403 403 403 
CLUTCHES. 8 g g 39 38 38 
FANS 92 92 92 46 46 46 
SHOP EQUIP 216 194 297 433 389 594 

_ REGULATORS 23 23 23 104 104 104 
GALLEY EQUIP 203 203 203 660 660 660 
DEHVORATORS 13 13 13 72 72 72 
GAGES 130 130 130 163 163 163 
TESTING EQUIP 68 68 68 272 oe 272 
FILTERS 198 198 198 495 495 495 
PANELS 224 224 224 672 672 672 
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Nomencloture 
ISOLATORS 
HYORALIC EQUIP 
CAPSTANS 
REELS 
OAVITS 
CRANES 
HOISTS 
ELEVATORS 
STEERING EQUIP 
CONTROL EQUIP 
WINCHES 
WINOLASSES 
FIREFIGHTING EQUIP 
LUBRICATORS 
ENGINES 
PLUMBING EQUIP 
GEARS ANO REOUCERS 
GOVERNORS 
IGNITION EQUIP 
EJECTORS 
EDUCTORS 
STRAINERS 
PURIFIERS 
TRAPS-STEAM 
COUPLINGS 
SILENCING EQUIP 
BRAKES 
BLOWERS 
WELOING SYSTEMS 
BOAT PROPULSION 
OECK MACHINERY 
PHOTOGRAPHIC EQUIP 
UNOERWATER LOG EQUIP 
VALVES 
MISC PARTS 
LAUNORY EQUIP 
TANKS 
PIPE, HOSE, & FITTINGS 
ASW EQUIP 
YELLOW GEAR 
PERISCOPES 
MISC EQUIP 


GRAND TOTALS 


1987 Prajected 
APL Growth 


1988 Projected 
APL Growth 


A.4 APL and Port Growth Results 


1989 Prajected 


ID 737 


APL Grawth 
0 0 
222 266 
S 8 
35 4 
4 4 
ll 11 
a5 SS) 
12 12 
o =) 
559 S59 
65 76 
4 4 
60 60 
14 14 
42 42 
18 19 
52 56 
39 69 
B g 
= 2 
8 
107 107 
26 26 
14 14 
87 182 
7 7 
4] 4] 
9 9 
38 38 
26 26 
48 48 
3 3 
2 2 
1,968 1,968 
227 Zoey 
274 328 
25 23 
4 4 
18 10 
1,207 1,207 
6 6 
ae) 53 
19,955 11,549 
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1987 Add 


1988 Add 


New Parts New Parts 


lloo 
ae 
125 


4,578 
25 


39,034 


lor7 
20 
115 


419 


35 
4078 
23 


48,006 


1989 Add 
New Parts 


42,295 


APPENDIX B : DUPLICATE PART DATA 


Appendix B provides the data used to estimate the potential number of 
duplicate H,M&E parts and equipment. NSLC provided the data used for 
the Potential Duplicate Pump Data table from the Commodity Configuration 
File. The method used to develop the data in the Duplicate Percentages 


table was described in Chapter III. 
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B.1 Potential BDupiicarces uno Dara 


CagGericy, Capacity Pressure Ship Fleet 

LAPL (GPM) (CFM/CIM) (PST) APL’s Pop Pop 

1-891 302.880 456 .98@ 2 12 43 
1-901 302.880 467 .88@ 2 6 24 
1-001 460.882 1,469.90 2 20 124 
1-001 659.808 775. @8@@ 2 i V2 
G1-OG2 209.900 775.68 2 4 7 
G1-OG2 500.202 125.98 2 4 12 
1-82 75.8980 50.982 2 6 6 
G1-2H2 G.G25 120.888 2 16 a6 
1-92 490.900 125.89 2 8 5) 
G1-0Ge2 G.D4D 499.889 2 67 138 
G1-9G2 95.900 765. G9@ 2 is 28 
$1-OG2 202. B80 109 .88@ 2 4 6 
$1-OG2 1.79@ 1,690.00 2 25 50 
G1-0G2 5.882 3,689.89 2 18 56 
1-982 9% .980 62.568 2 7 28 
$1-GG2 G. G43 1,102.80 2 3G 56 
G1-BGG2 225.9890 58.29 2 at 24 
G1-PG2 202.280 58. 98@ 2 > 9 
$1-OG2 18.290 60.882 2 1 5 
1-003 25,0900 .80@2 29.820 2 4 16 
1-093 3,458.90 25.202 2 1 2 
1-023 18,509.89 11.692 2 5 8 
1-093 16,0999.802 13.98@ 2 12 24 
1-093 4,989.99 24.58G ee 3 Gi 
1-223 25,999.80@ 13.998 2 S 13 
1-083 25,000.90 154.509 2 5 TS 
1-003 18,829.89 7.56@ 2 20 20 
1-903 22,900.08 7.58@ 2 5 © 
$1-OGO4 25.998 58.99 Zz 6 8 
91-805 18.929 35.902 2 6 ike 
1-085 27. 00 358.99 2 11 oo 
1-205 508.909 6B. 982 a 1 5 
G1-BB5 35.9D2 3,606 .298 2 diz 24 
1-245 7%. 88D 1,145.088@ 2 aa 167 
1-005 35.669 358.208 2 5 5 
1-25 529.28 55.88 2 4 84 
1-805 158.820 189.082 2 2 5 
1-295 297.290 65.200 2 1S 3G 
1-295 158. 28D 89D .200 2 55 132 
G1-0B5 15.90 400 .20@ 2 2 8 
1-295 35.980 49. SOO 2 5 14 
1-25 15.08 1,058.22 2 5 6 
1-005 39.580 50.900 2 5 SZ 
91-985 15.20 45 .98D2 2 5 is 
1-025 39.282 65.99 2 es 5 
1-25 26.090 3,008.29 2 4 V2 
1-285 1.59@ 5.882 2 11 39 
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B.1 Potential Duplicate Pump Data 


Capacity Capacity Pressure ship Fleet 

LAPL (GPM) (CFM/CIM) (PSI) APL’s Pop Pop 

1-995 5. 09D 50 .90D 2 2 S 
1-205 85 . 92D 129.900 2 97 Jo 
$1-BO5 60.900 49 .90D Z 2 6 
1-905 10.880 2,500 .999 2 4 19 
1-205 53.902 40.900 Z 13S 26 
1-295 36D .90D 75.900 2 ee 24 
1-205 50.900 190.200 2 12 12 
91-205 59D .900 58.900 Z il oS 
G1-995 550.900 5B .90D 2 5 5 
$1-905 275.900 50.900 Z fl 49 
1-205 16.90 358.990 2 2 2 
1-295 5.090 308 .DDD 2 5 46 
1-905 39D. 88D 45.90 Z 8 15 
1-295 449.809 68. 90D 2 11 26 
1-285 58. DBD 3%. ODD 2 4 1@ 
1-225 18. 3DO 85 . 99D 2 a9 383 
91-205 30 .DBO 38.90 2 i) 36 
G1-905 58 .08@ 25.900 2 5 16 
G1-295 99. 98O 25.220 Zz 20 49 
91-025 750 . DDO 50.9890 2 4 18 
91-205 690.900 55.980 2 25 46 
91-905 720. DBD 5D .99D 2 5 10 
91-205 11.80 30 .DDD 2 5 14 
91-2805 20 .990D 70.90 2 2 2 
91-295 240.8080 69.909 2 32 a7 
1-295 24.600 85 . DDD 2 5 2 
1-205 475.000 5B. DBO 2 27 5) 5) 
1-9B5 20 .90D 58.900 Z 1 27 
1-905 25D .90D 190. DOB 2 5 8 
1-295 718.98 6D. DDD 2 4 8 
1-985 190.300 25.90D 2 4 5 
1-205 47.200 18.9B@ ie 4 ier 
91-995 39. DDD 400.900 2 a 29 
1-05 5D. 90D 729 .9OD 2 Zs 8 
91-896 6.500 2.200 2 1 S 
1-207 15.980 50.99 2 7 120 
1-007 4.300 150. DDO 2 a 8 
91-0907 2% . DDD 198.800 2 14 20 
1-0D7 4.590 188.390 2 1 3 
1-207 17.308 58. BBD 2 8 27, 
1-007 38.78 600.208 2 1 4 
1-097 15.009 25.900 Z 9 10 
91-207 188.20 50.900 2 vs 11 
91-207 49 .9DD 25.9DD 2 5 5 
91-997 180.900 25.809 2 4 5 
1-097 4. DDD 25 .9DD 2 43 99 
91-207 6.99D 5D .0DD 2 9 oe 
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B.1 Potential Duplicate Pump Data 


Capacity Capacity Pressure Ship Fleet 

LAPL (GPM) (CFM/CIM) (Psa) APL’s Pop Pop 

91-007 42.909 85.409 Z 3 49 
1-227 5.008 58.209 2 2 3 
1-207 19.280 42.909 a 8 18 
1-207 75.980 62.829 2 6 cm 
1-207 1.59 75.908 Zz 21 S72 
1-227 35.820 402.209 2 8 16 
91-228 25.9082 25.920 2 8 19 
1-298 5.882 102.889 2 2a 53 
1-298 6.582 189.98 2 ie 7 32u 
1-298 1.412 102.282 Z S 4 
1-208 8.222 62.222 Zz 9 34 
1-028 5. 08B 38.282 2 18 46 
1-928 22.900 102.989 zZ 22 17% 
1-298 15.880 58.202 2 HES 24 
1-288 5.590 95.882 2 A 8 
1-098 2.889 208.288 49 61 
1-298 12.982 43.909 zZ 2 8 
G1-BBY 8.280 108 .2OD fa 1 35 
G1-2B9 6.299 38. 28D Za 1 8 
G1-2G9 11.822 2,000.80 2 12 72 
1-229 535.202 188.829 2 S S. 
1-BB9 11.922 192.200 2 As a 
91-2089 152520 2,990 .220 2 Z 8 
$1-2BI 11.992 2,599.9882 a 4) 49 
1-2B9 aU 1,592.90 2 7 30 
1-909 18.822 50.282 2 6 6 
1-229 4.79D 1,000.90 Z ihe: 39 
1-229 19.222 3,020 .G9D fl ah 13 
1-299 15.8982 2,000.99 2 8 48 
1-229 25.009 20.889 2 5 Ve 
$1-2B9 20.202 58.999 2 a a 
1-229 125.202 188.282 fa 2 2 
1-229 12.882 188.208 2 86 1$6 
1-289 192.202 89 .20D 2 She) is: 
$1-2B9I 1.502 1,500.20 Z 1 123 
1-229 109.292 62.202 2 38 4h 
1-209 38.982 198. 90B 2 28. 56 
1-229 55 .88@ 775.98 2 3 18 
1-289 5.09990 502.300 2 ie 13 
$1-2B9 8.202 1,590.88 Fa oi eS, 
G1-9B9I 7.498 500.208 2 81 1719 
1-909 20.208 7% .DDD 2 Vi 8 
01-9089 208.900 125.98 2 12 eS 
$1-29B9 15.982 1,599.99 a 1 3 
1-229 6.929 2,0900.982 Z 5 18 
1-29 7.582 1098.20 Zz + 4 
1-21 7.690 3,800.99 2 5 28 
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B.1 Potential Duplicate FPumoebace 


Capacity Capacity Pressure ship Prccer 

LAPL (GPM) (CFM/CIM) (PSI) APL’s Pop Pop 

91-911 913.999 45.900 Z EE 6 
91-911 398.920 98.208 2 6 12 
91-011 1,259 .899 49. 99D 2 > < 
91-011 120.999 57 7200 ve, 7 2 
91-011 302 .S9B 35.680 Z 2 6 
91-811 359.999 22.300 ve, 7 2 
91-911 192.999 30. DOB 2 1717 514 
91-017 289 . B99 359.282 2 1 5 
91-011 2,509 .890 12.900 2 2 Ve 
91-911 999.290 59. BBO 2 7 8 
91-011 25.880 15.999 2 15 29 
$1-011 408.90 435.800 2 S 6 
91-011 108 .98D 39. 88B 2 a2 264 
91-011 15.800 7 ooo 2 ce A 
91-011 5.020 12.998 2 S 4 
91-911 18.982 22.999 2 7 14 
01-211 298.220 20.900 2 2 7 
1-011 258.802 33.882 2 2 9 
1-011 18.99 15.999 2 e S 
1-011 18.890 35. 99D 2 2 2 
G1-911 18.880 69. BHO 2 1 ue 
91-011 258 . 88O 125.88 2 5 5 
91-811 3,200 .862 12.9980 2 | 1) 
91-911 15.999 75.809 2 1 + 
91-811 49D. 209 32.222 re 2 18 
91-011 520.909 62.809 Z 2 > 
91-011 100.982 48.0899 Z 2 ae 
91-911 15.882 8.999 2 eZ 42 
01-011 189 . 982 28.909 2 1 ae 
1-011 6.820 15.999 2 > 8 
91-011 25.999 4.999 Z 1 2 
1-011 85.299 3D. 992 2 2 5 
91-811 459.982 38. BBO 2 7 i: 
1-911 248.290 65 . 200 2 a 6 
91-811 7298 .98D : 45.982 2 oo 78 
91-911 225.999 24.909 2 8 13 
91-011 675.889 6G. 99D 2 Z 8 
01-011 1,590.88 65.880 Z 5 20 
01-011 658.282 102.909 2 5 38 
91-011 99.902 59.999 2 S i 
01-011 659.982 30. DDO 2 2 6 
91-911 8S9 . D2 75.09 2 2 6 
91-811 175.888 125.98 2 7 14 
91-011 459.980 198.880 2 5 S 
91-011 1,898 .98@ 35.998 a, 2 6 
91-011 98 . 900 34.999 2 5 2 
91-011 575.980 72. 80D 2 Z + 
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PelerorcenceLal Duplicate Pump Data 


Capacity Capacity Pressure Ship Fleet 

LAPL (GPM) (CFM/CIM) (PST) APL’s Pop Pop 

$1-011 59.282 18.286 2 4 1@ 
91-911 5. 82D 15.926 2 4 6 
1-011 1,150.80 62.222 Fe S a 
1-011 100.99 69.229 2 Zs 4 
1-811 358.902 29. 88D 2 2 5 
1-011 160.002 34 .98@ 2 1 we 
1-811 182.990 74 .9D@ 2 Pa 34 
1-011 160.892 35. 88D 2 2 A 
1-011 70 .90D 11. 88d 2 A 10 
1-811 30.20 3%. DOB 2 “+ 7 
1-611 70 .GDD 3G. 20D 2 4 9 
1-011 1,396 .800 122.09 2 = 12 
1-011 72. DOB 25.208 2 2 8 
1-911 10.990 30.802 2 21 82 
1-011 1,750 .88D 168.9890 Za 22 74 
1-011 153.909 190. D9@ zZ 4@ 40 
1-211 12,508.82 27.882 2 6 24 
1-011 150.800 15. 68D 2 5@ T27 
G1-911 250.820 35. 800 2 6 1 
1-611 5.082 2.999 2 46 139 
G1-011 850 . DOP 35 .08D 2 Z 9 
1-011 49 .90B 15.800 ze 2 Z 
91-211 89 . BBP 22.990 2 z 3 
1-211 55. 00D 735 .GD@ 2 9 ile 
91-611 1,500.80 45.098 2 6 
91-011 159.909 99.009 2 1 2 
1-011 859.000 90.0990 2 48 99 
1-011 625.220 25.809 Z 5 le 
1-911 780 . OOO 62.228 2 2 ee 
1-611 575.000 29. 08D 2 2 6 
1-011 575.082 25.099 2 4 2 
1-011 1,300.900 14.00 2 1 a 
1-011 582.200 55.882 Z 1 5 
1-911 6GS. DDD 45.998 2 9g 356 
1-011 550.200 7% . DDG 2 = Zo 
$1-011 158.099 28.090 Z 84 167 
1-011 280.90 4G. 909 a 34 Vee 
1-011 6GD .2GD 25.820 2 6 14 
91-011 250.209 58.989 2 8 14 
91-011 158.000 40.980 a a 3@ 
91-011 850.99 20 .98@ 2 2 8 
1-011 150.000 58.509 2 S alia 
91-011 85.000 129.999 2 4 16 
01-911 35.608 17.282 Z 6 6 
1-911 18 .88D 20.820 2 4 5 
1-011 622.908 33.49 2 6 14 
1-011 20.008 62.900 2 3 7 
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B.1 Potential Duplicate Pump Data 


Capacity Capacity Pressure Ship Fleet 

Ate (GPM) (CEM/ Crm) (Pom) APL’s Pop Pop 

91-911 699. 99D 29.8082 Z oh) oF 
91-911 39D. B9D 192.889 2 3 5 
91-011 199.899 66 . 222 Zz 3 4 
91-911 15.202 72.280 2 7 vy 
1-011 40.209 49.999 2 3 3. 
1-911 225.996 199.999 2 ls 26 
91-011 139.992 190.999 Z 4 dy 88 
91-011 75.990 49.909 2 1 2, 
91-011 450.998 79. 9BD Z 25 113 
91-811 82.202 186.999 2 44 89 
91-811 900.800 30. 99D 2 2) 11 
91-011 12.882 78.909 fi 14 34 
91-911 125.9908 25. 89D 2 1 4 
91-014 10.99 25.998 2 1 S 
91-014 %.9OG 4.580 575.880 Z g 122 
1-014 22000" = 456.909 2 71 87 
91-214 4.200 15.902 eC 6 6 
91-014 8.862 15.999 Zz S 12 
91-014 7. 90D 10.989 2 9 1S 
91-214 19.9098 29. 9DD 2 6 12 
91-14 18.989 5.909 Z 19 Zo 
91-014 %.590 758.802 Z Li 16 
1-014 10.8990 18.882 2 S. 12 
91-014 3.899 189.999 2 3 5 
91-914 %.9OD 1.989 1,502 .909 2 20 199 
01-914 1.429 969.902 2 1 153 
91-914 6.820 22.999 ia le: om 
91-914 5.980 18.899 2 7 1S 
91-914 D000) | %.660 3, 992.920 2 al 18 
91-017 735.980 75.282 2 6 48 
91-017 100.880 41.999 2 235 48 
1-017 190.882 76. 88@ Z i 12 
91-017 49.080 99.202 2 7 Zo 
91-017 25.882 76.99 yes 4 5 
91-017 325.009 44. DOD Z 12 48 
91-917 1.50 13.599 2 39 39 
91-917 1,159.909 24.902 2 1 8 
1-017 715.800 45.899 2 6 36 
1-017 4.960 35.99@ 2 2 4 
91-017 10.082 49.209 2 1 2 
91-217 7.5008 22.282 Z 11 2s 
91-617 1.9008 25.000 2 1 Z 
91-017 190.28 55.902 Z 6 24 
91-0817 20.899 30. 89D 2 1 2 
91-017 149.999 20.220 2 S v 
1-917 489.999 65.822 2 23 149 
91-917 2.900 33.492 Z 57 51 
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Seer otentra: Duplicate Pump Data 


Capacity Capacity Pressure Ship Fleet 

LAPL (GPM) (CFM/CIM) (PST) APL’s Pop Pop 

1-217 15.899 41.809 2 ive 0) 
1-017 30.929 6H. 22D Z 44 132 
1-217 50.809 55 .9DD e 5 
1-917 5G. 88D 75.999 2 uh 25 
1-017 225.882 42.599 2 14 5G 
1-817 5G. GBD 85 . 99D Po as SS, 
1-017 375 .G8D 7%. BBD 2 = 36 
91-917 25.99 35.88 Z 3 10 
1-017 85.09 109.22 2 2 2 
1-017 25.008 25,500 2 D1 S11 
1-817 85. BD2 75.98 2 6 10 
1-917 52. 09D 65.929 2 Z 8 
1-017 248.999 65.920 Z 6 16 
1-917 25.88D 70.99 ie 6 ahs 
1-917 499.902 65.999 2 28 179 
1-017 430.800 69 .29@ a 28 11@ 
$1-917 15.98 4% .8OD 2 2s 3 
1-017 439.800 65. 09D Fi 44 S34 
91-817 360.982 35.828 2 4 12 
1-017 109 .89D 534.16 2 S 3, 
1-017 532.902 132.999 Pi 6 24 
1-217 148.809 28.98 2 S, 20 
91-217 259 .29D 3. 29D 2 5 9g 
1-017 50.909 62.809 2 4 al 
1-917 15.862 27.299 Z 43 43 
1-017 30.98 58.09 2 14 oz 
1-917 255.99 54.99 2 4d 165 
1-017 1.599 28.99 Z 44 43 
1-917 18 .99D 81.989 2 5 1G 
1-917 4%. SOD 59 .22D 2 14 a2 
1-017 65.080 75. 98D 2 1 5 
1-017 40.909 45.000 2 45 Ss 
1-217 18.980 5D .08D 2 59 119 
91-017 2.880 51.98 2 42 43 
1-017 225 . 902 60. 98D A 44 88 
1-017 25.889 75. 99D 2 7 1 2 
1-217 12.998 31.999 2 20 So 
1-217 45 .99D 22.88 2 S ie 
1-017 398.200 22.990 Z 8 30 
1-017 165.0989 69.609 2 6 24 
91-017 1,148.99 34. 90D 2 4 4 
1-217 25.880 40.299 Z 5 6 
1-017 523.982 60. 99D 2 16 55 
1-018 60.280 43. 99D 2 &) 6 
1-918 38 .92O 38. 29D 2 2 4 
1-918 5B. 22D 55.99 2 > pl 
1-218 52. D9D 22.8089 2 2 2 
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B.1, Potential Duplicate Punipe@bare 


Capacity Capacity Pressure Ship Fleet 

LAPL (GPM) (CFM/CIM) (PSI) APL’s Pop Pop 

91-218 26.800 50.982 2 2 rn 
91-218 1,990.909 25.989 2 3 g 
91-918 49D. D9O 30.980 2 6 12 
91-918 320.892 69. 09D 2 4b 87 
91-918 6.220 15.909 2 2 8 
91-218 490. DOD 15.829 2 8 14 
91-918 65.809 63.982 2 32 58 
91-918 19.900 99. 999 2 2 3 
91-818 269.999 78. 8BQ 2 by g 
91-918 559.920 18. 9B@ 2 15 32 
91-918 625.990 78. 8BQ 2 1 8 
91-218 25.800 59.909 2 4.6 184 
91-918 400. 90D 13.99@ 2 1 2 
01-918 75 .99O 55.200 2 2 by 
91-918 60.902 58.809 2 2 6 
91-918 995.996 18. 8G@ oe 1 2 
91-918 69. 99@ 8D. BGO 2 21 61 
91-918 275.289 75.980 2 2 2 
91-918 259.280 19D.29O 2 6 14 
91-918 485.900 46.829 2 19 19 
1-018 3,999.990 19.258 2 6 36 
91-918 155.989 99.299 2 3G 3Q 
91-918 25.982 48.88 2 1 3 
91-018 125.98@ 189 .98O 2 dy 19 
91-918 829. GHD 30.299 2 2 5 
91-918 798.999 15.999 Z 4 117 
91-918 35 .98O 85 .22O 2 1 8 
91-918 2,500.999 13.92@ 2 2 g 
91-918 202.999 68.882 a. 2 4 
91-918 21.900 84. BBD 2 5 11 
91-918 88.900 50.909 2 3 8 
1-918 1,129.800 15. 98@ 2 g 33 
91-918 208.299 35 .9BO 2 2 6 
91-918 198 .29@ 125.9080 2 3 6 
91-918 15.980 35.99O 2 3 6 
91-818 22.890 65.920 2 3 13 
91-918 6B. 9GO 6.982 Z g 22 
91-618 702 .28D 34. 99O 2 1 3 
91-818 119.299 56.980 2 3 4 
91-918 5.900 15.98@ 2 5 19 
21-918 259.900 50.909 2 2 3 
91-918 19.900 25.990 2 6 6 
91-918 450.909 35.920 2 rn 7 
91-918 200.990 99.900 2 rn 16 
91-918 4B. G00 60.902 2 5 19 
01-918 199. 9G@ 75.GG@ 2 3 12 
91-918 278 .28D 25.990 2 4.9 ele) 
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B.1 Potential Duplicate Pump Data 


Capacity Capacity Pressure Ship Fleet 

LAPL (GPM) (CFM/CIM) CPSh) APL’s Pop Pop 

1-069 15.009 54.980 2 Sa 95 
G1-BB9 60.982 190.99 S 6 se 
1-809 65.800 175.00 S 68 5as 
G1-2G9 11.000 1,900.90 S 2 phe 
1-BB9Y 8.98D 2,908 .000 3 is Sal 
G1-2B9 19.880 1,008 .0800 S B 5 
1-81 29.980 3,908.80 S a 42 
1-010 58.70 3,000.80 5 11 22 
1-010 128.980 53,988.80 ) 4 16 
91-219 20.808 5,088.990 5) 5 8 
1-219 88.000 4,500 .000 5 v7. 6 
1-01 114.08 3,000.80 S a 9 
1-1 33.889 3,088.86 > Z Z 
1-01 120.989 5,989.92 5 8 4 
1-1 18.980 1,5098.80@ > 8 22 
1-011 480.988 20.2080 S 1 6 
1-911 500.808 188.880 5 ie oe 
1-811 49.988 7.580 5 7 18 
91-611 535.88 ‘35.00 2 2 aa 
91-011 58 .08@ 3G .8BO a a a al 
91-911 18.000 4. GBD S 18 as 
91-611 70.90 158. 98@ S 4 12 
1-811 490 .88@ 48.080 5 58 ras) 
91-011 15.980 30.90 5 1 9 
91-911 2,008 .88¢ 150 .90@ 5 8 18 
1-011 508.280 50.800 5 Zo 48 
1-011 396 .92B 75.96 ) 3 6 
91-011 600.800 34.809 S 6 12 
91-611 188.00 66.880 > 3. 10 
1-611 55.80 23.98 5 39 398 
91-011 3G. 888 25.880 5 5 10 
91-611 460.880 121.86 ©) 1 2 
91-811 1,008 .08@ 147.88 Fe 14 41 
1-811 808.982 50.986 3 18 26 
91-011 1,358.88 180.80 5 4 10 
1-011 VN, 5752080 25.880 S 4 28 
91-811 28.9888 29.88 S 83 11 
91-911 18.88 48.880 5 47 99 
91-011 529.889 20.289 3 2 6 
D1-O11. 1,108.880 336.880 > 18 181 
91-011 58 .BD@ 56.202 5 7 1a 
91-011 630.888 55.080 a 10 18 
1-911 488 .80D 125.888 > 1 6 
1-811 258.082 188.800 2 4 vi 
91-011 5.808 22.080 3 11 yas 
91-011 556.908 3G.98O 5 4 14 
1-911 350.90 30.808 6 Z a 
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B.1 Potential Duplicate Pump Data 


cancecity Capacity Pressure Sill p Fleet 

BAP L. (GPM) (CFM/CIM) (PST) APL’s Pop Pop 

1-811 408 .G0B 45 .08@ 5 2 44 
$1-911 12.808 35.982 ze) 40 41 
1-011 15%.8BD 9%. 9B@ 5 36 76 
1-011 2,208 .80B 48 .0D@ 5 2 uy 
1-011 40.800 20 .88@ S 8 8 
1-011 200.220 50.220 S 1 38 
1-011 150.880 25.982 5 21 S7 
1-011 25.988 68.880 5 4 9 
1-014 15.800 25.000 5 24 4.7 
1-014 30.280 22.880 5 7. Vl 
1-914 G. BOO 4.508 325.800 5 5 om 
1-014 6.880 15.88@ 2 20 3) 1, 
1-014 B. OOD 1.25@ 1,580 .88@ 3 25 72 
1-014 14.820 15.98@ 5 16 54 
1-914 5.880 22.882 3 124 923 
G1-014 5.020 - 20.202 2 17 119 
1-017 700.902 52.808 5 2 14 
1-217 8.202 50.980 5 29 57 
1-017 8.808 42.2800 5 Gu 4d 
1-017 12.20 22.080 3 3 6 
1-217 . 638.802 | 65.982 S 18 oy 
1-217 15.982 78. 20@ 3 22 46 
1-217 325.8008 82.202 2 8 1) 9 
91-217 158.02 85.882 > 7 22 
91-017 2.020 25.880 5 1 a1 
1-617 8.202 41.929 3 32 32 
1-017 250.800 41.800 3 4 18 
1-917 25.802 36.80 3 ins. 28 
1-017 72090 9% .08@ 2 5 8B 
1-017 62.880 78 .9B@ 5 22 So 
1-017 50.202 50.028 3 4 8 
1-917 10.882 35. BO@ 5 1B ae 
1-017 108.808 34.820 > cS: 8 
1-017 - 15.008 75.88 3 3 au. 
91-017 17.882 55. 80@ 3 5 9 
1-018 70.80 50. 20@ 5 26 54 
1-018 108.080 43.808 SS 5 pn 
1-218 188.802 72.902 5 SD 48 
1-018 158.882 62. 20D 5 2 7 
1-918 450.000 50.080 -o a: 38 
1-218 90.229 60. 22D 3 26 59 
1-918 908.802 35.202 2 8 S52 
1-818 158.22 65.0808 3 Ve 22 
1-818 40.902 20.882 3 5@ 50 
1-918 175.882 58.882 3 1@ 1@ 
1-918 10.880 95.982 5 6 19 
1-918 208.808 190.88 5 5 1S 
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LAPL 


Capacity 


(GPM) 


B.1 Potential Duplicate Pump Data 


Capacity 
(CFM/CIM) 


Pressure 


(PSI) 


zoe 


146. 


. 999 
. 99D 
. 8DD 
DDD 
. BBD 
. 88D 
. BBO 
. 989 
. 89D 
. JOD 


ODO 


. 99D 


DODO 


. DD 
.8DD 
. 98D 
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B.1 Potential Duplicate Pump Data 


Capacity Capacity Bnessure Ship Eee t 

LAPL (GPM) (CFM/CIM) (PST) APL’s Pop Pop 

91-214 G.859 598 .8DO 4 Ze 84. 
1-217 49.902 76. ODD & 5@ 284 
1-017 529.282 65.999 4 5 26 
1-917 18.9992 49.800 4 28 S72 
91-917 165.82 79 .98D 4 2D 82 
1-17 35.990 75.909 b 11 49 
1-917 190.292 35.90 4. 5 6 
91-0817 3.592 37.399 4 34 34 
1-917 15.982 58.220 4 gis 24, 
1-918 159.90 5%. 99D 4 4 12 
1-218 19.92 15.922 4 9 53 
1-218 17%. 982 45.982 4 89 174 
1-218 15.882 59.202 4 49 src 
1-218 190.909 139.892 4 22 43 
1-218 12.882 58. BBP 4 9 Ve 
1-218 15.982 25.880 4 22 25 
91-918 162.222 58.820 4 26 72 
1-918 292 .B0D 32.220 hy 19 SY 
1-218 902.200 20.822 4 7, 14 
91-918 2,298.28 12.982 4 5 SZ 
1-18 2,299.28 12.92 4 5 Ve 
1-218 200. BBB 78 .28D 4 9 17 
1-218 125.992 35.822 4 5 1G 
91-218 15.002 4%. ODD 4 57. 39 
1-218 42.820 4D. DOD 4 Se 66 
1-242 250.82 190.88 4 507 1948 
1-901 302. 20D 476.982 5 25 85 
1-295 25.892 50. 2BB 5 26 48 
91-285 490.200 55.282 5 28 53 
1-205 702 .29D 158.882 5 AES) 59 
1-285 35.98 409.200 5 25 54 
1-285 1098 .S9D 50.280 5 69 118 
1-295 650.829 52.282 5 4 15 
1-209 58.292 15.282 5 11 34 
1-209 59.882 9%. O02 5 59 198 
1-BZ9 19% .9O@ 59.802 5 64. 76 
1-912 22.282 3,220. 88@ 5 Ze nS 
G1-21¢ 119 .8@@ 3,980.22 = SS 198 
1-219 15.980 1,590.99@ 5 31 39 
1-212 90.992 2,000.80 5 a2 49 
1-912 202.90 2,090.30 S 7 24 
1-211 3,090. 882 158.98 5 6 47 
91-911 5.02 5.992 5 83 S54: 
1-211 22.282 3%. DBD 5 15 29 
G1-811 25.809 58.99 S 6 le 
1-011 597 .9DD 50.292 S Se 66 
1-011 89 . 92D 5.08 > 247 See 
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B.1 Potential Duplicate Pump Data 


Capacity Capacity Pressure Sinane Fleet 

EAPL (GPM) (CFM/CIM) (PST) APL’s Pop Pop 

91-911 15.992 46 .89O 5 44 56 
1-911 60D. OD 182 .99D 5 4 Phe) 
91-211 19.920 59.902 5 10 22 
1-911 199.809 59.909 5 68 119 
1-911 50.990 40.900 5 142 329 
91-914 39.992 15.99 5 a2 63 
91-914 1.56@ 300.299 5 2 34 
91-017 29.290 22.982 5 5 9 
91-017 280.900 39.99 2 Fs Sal 
1-917 50.99 55.909 5 6 2a 
91-917 595.99 65.020 5 7 216. 
1-818 500 .28D 50.909 5 62 15% 
1-018 50.992 50. 29D 2 4 10 
91-918 75.989 62.992 5 19 81 
21-218 199.98 70.992 5 ie 5 
1-918 392.880 50.82@ 5 9 17 
1-918 135.99 3G .98D S i i | 
91-218 292.800 52.999 5 16 26 
1-918 40.800 58.982 i) 119 2217 
91-001 392.992 468.902 6 4 168 
1-993 5,309.29 19.922 6 ows 77 
1-005 50.29 58.999 6 AK 4.7 
1-025 49.290 3,908 .9B@ 6 7O 29s 
1-995 15.28@ 25.982 6 49 sfc" 
1-229 25.909 50.999 6 42 oy 
1-299 109.290 15.909 6 a) 7 398 
1-989 50.000 199.900 6 16 42 
1-209 50.000 69.292 6 12s 4&4 
1-019 122.999 4,599.999 6 16 22 
1-210 122.90 3,508 .992 6 14 24 
1-911 758.902 59.909 6 8 22 
1-211 690.900 69.909 6 6 25 
21-311 49.90 25.999 6 21 36 
21-011 490.20 190.920 6 7 1S 
21-011 150.900 22.989 6 26 62 
1-014 %.DOOD %.75@ 3,009.200 6 161 1148 
1-014 2.92 1.580 1,590.99 6 126 288 
1-017 30. 90D 35.89 6 Ss 19 
1-918 75.909 50.980 6 ez 44 
21-218 25.900 62.20 6 5 Vz 
21-911 759 .G2@ 150.800 Z 18 39 
1-011 60D. 228 75.90 7 12 26 
1-917 249.980 75.90 7 16 31 
J1-017 60.282 89.92 7 TA 34 
91-218 32.98 50.989 7 ee 5a 
91-22 198.992 50.999 8 101 120 
1-903 5,309.980 19.3080 8 36 FES) 
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B. l@eecentiel Puplicate Fump Data 


Capacity Capacity Pressure ship Fleet 

LAPL (GPM) (CFM/CIM) CES IL) Aries Pop Pop 

1-995 508.982 5% .DBD 8 20 ee) 
91-6087 25. 92D 58.282 8 18 34 
1-009 200 .D0@ 58 .B8D 8 67 174 
1-929 29D. DDB 188.882 8 20 Ss: 
1-01 18.899 3,000 .282 8 a 181 
1-911 258.088 25. 90D 8 4 62 
91-611 1,808 .980 175 . 82D 8 15 264 
1-011 5DD. BBB 158.882 8 25 66 
e-—611 2,020. 080 175 .88@ 8 Ve 83 
1-011 1,09008.902 125. 88D 8 ay 26 
1-911 1,180.99 158.882 8 ee 114 
1-911 622.892 35.808 8 10 19 
1-22 53,099 .882 158. OBB 8 8 75 
1-01 202.800 5,098 .98D 9 25 83 
91-212 208.800 3,988. 299 9 73 290 
01-611 15.99@ 25.880 S oo 65 
91-209 58 .00D 75.880 12 85 169 
1-318 88.392 3,903.90 12 58 88 
1-985 400.800 “50.809 i” 20 3)6) 
1-012 45.00 353,888 .982 11 29 63 
1-010 5.882 5,888 .820 12 42 133 
1-012 98.200 3, 008D.BBB 1S) 74 Zoe 
1-011 993 .B22 125. GOB 1% 82 396 
1-011 5O2. DOD 125.220 18 v7 532 
1-809 58. BBO 52.888 22 128 58D 
1-010 122.980 3,000.90 34 62 145 
1-011 1,000 .98@ 158.90 41 180 525 
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B.2 Duplicate Percentages 


Equipment Potential 
Per APL Frequency Duplicates 
2 47 89 
3 121 36 
4 69 69 
5 49 50 
6 21 a2 
i 5 9 
8 1S 30 
9 o 7 
10 a S) 
al 2 6 
1 1 5 
Ve 1 S 
7 1 4 
18 1 5 
ae 1 6 
54 1 S 
44 1 10 
Total Potential Duplicates oa 
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APPENDIX C : DUPLICATE APL’S AND PARTS 


Appendix C provides the estimates of the potential number of 
duplicates on a commodity basis. The method used to estimate these 
numbers was described in Chapter III. The tables are presented in two 
parts. The first part provides the potential duplicate APL’s and parts that 
are currently in the Navy Supply System as well as the number of 
duplicate equipments and parts entering the Navy inventory in 1987. The 


second portion of the table provides the data for 1988 and 1989. 
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Patential Duplicate APL’s and Parts 


Tatal Patential Initial Patential 1987 Patential 1987 Patential 
Namenclature APL's Duplicate APL’s Parts Reductian APL Reductian Ports Reductian 
PUMPS 7,402 575 1.585 24 103 
BOILERS 198 12 255 Q 9 
HEAT EXCHANGERS 1,875 84 169 3 6 
CONDENSERS 797 42 94 1 1 
TURBINES 905 46 1,289 1 Ca, 
COMPRESSORS 828 4] 784 oF 
HEATERS 2,525 127 159 9 11 
DISTILLING PLANTS 320 16 65 1 2 
BATTERY CHANGERS 290 15 55 1 5 
METERS 439 Ze W 1 1 
CONVERTERS 657 33 190 Z 12 
TRANSFORMERS 878 aot a Q a 
CIRCUIT BREAKERS 3,971 200 500 8 19 
CONTROLLERS desi 595 2,382 44 178 
GENERATORS 704 5D 151 4 16 
MOTORS 14,914 726 883 49 62 
MOTOR GENERATORS 551 18 55 0 
RELAYS 1,543 78 97 5 4 
RHEOSTATS 509 26 32 0 2 
SWITCHES 9,262 467 467 25 ss 
SWITCHBOARDS 2,839 143 537 4 14 
VISUAL ALARMS 615 31 46 1 1 
LIGHTING FIXTURES 1,935 52 65 2 2 
GYRO COMPASSES 806 4] 386 1 12 
PROJECTION EQUIP 54 3 SZ Q Z 
1/C EQUIP 1,286 65 259 2 9 
NAVIGATIONAL EQUIP 322 16 183 2 at 
INJECTORS Fall 4 25 Q 1 
BURNERS 129 5 49 0 2 
MARINE HARDWARE 1,573 79 159 2 + 
REFRIG EQUIP 3,407 i772 429 22 55 
AIR CONDITIONING 206 12 34 1 4 
STARTERS 216 17 82 1 5 
WIPERS 178 3 31 Q 1 
AUDIBLE ALARMS 99 5 lz 1 1 
BEARINGS 632 32 4g 1 1 
INDICATORS Zeige 112 276 8 2g 
CLUTCHES 146 7 55 0 2 
FANS 2.202 116 $8 5 Z 
SHOP EQUIP 3,228 162 323 11 22 
REGULATORS 884 45 201 1 5 
GALLEY EQUIP 2,142 128 355i 12 55 
DEHYDRATORS 247 lz 68 1 
GAGES 5,292 164 205 7 
TESTING EQUIP 637 32 128 5 14 
FILTERS 3,563 180 449 12 25 
PANELS 4,265 215 645 11 34 
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Patential Ouplicate APL's and Parts 


Total Patential Initial Potential 1987 Patential 1987 Patential 

Namenc lature APL’s Ouplicate APL’s Parts Reduction APL Reductian Parts Reduction 
ISOLATORS 20 1 2 B B 
HYORALIC EQUIP 1,368 69 396 12 57 
CAPSTANS 148 if 26 B 1 
REELS 306 is) 58 2 5 
DAVITS eh 18 17 B B 
CRANES 387 15 139 1 5 
HOISTS 717 36 172 2 8 
ELEVATORS 748 37 242 1 4 
STEERING EQUIP a2 rs 95 B 4 
CONTROL EQUIP G7300 342 Veli Ww 56 
WINCHES 742 a7 243 5 19 
WINOLASSES 162 8 7A 4) 2 
FIREFIGHTING EQUIP 345 17 83 5 14 
LUBRICATORS Za5 13 32 1 2 
ENGINES 56 26 2,788 Z 254 
PLUMBING EQUIP Zo0 1) 29 1 1 
GEARS ANO REOUCERS 1,349 68 493 3 18 
GOVERNORS 398 20 339 3 46 
IGNITION EQUIP + 4) 1 B B 
EJECTORS 415 21 78 4) 1 
EDUCTORS 369 19 3] 4) B 
STRAINERS Ayo 7 || 158 5 ~ 
PURIFIERS 267 13 S16 1 31 
TRAPS-STEAM 1,814 51 = 1 1 
- COUPLINGS 942 47 47 “ 4 
SILENCING EQUIP 161 8 6 B B 
BRAKES 828 42 63 2 3 
BLOWERS 248 12 148 B 6 
WELOING SYSTEMS 367 18 88 2 9 
BOAT PROPULSION 989 46 82 1 2 
OECK MACHINERY 1,663 84 231 Z 7 
PHOTOGRAPHIC EQUIP 72 4 11 B B 
UNOERWATER LOG EQUIP 207 18 78 6 1 
VALVES Boe eon 2,987 4,482 99 149 
misc” PARTS 2yo90 121 1,934 11 183 
LAUNORY EQUIP 561 28 198 12 86 
TANKS 764 39 48 1 1 
Prey Hose, & FITTINGS 139 o 7 a B 
ASW EQUIP 70 4 46 1 ye 
YELLOW GEAR 1,787 98 220 61 lia2 
PERISCOPES 361 18 158 4) 2 
MISC EQUIP 1,726 86 158 3 5 
GRANO TOTALS 138.751 97,513 29,268 541 1,968 
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Nomencloture 
PUMPS 
BOILERS 
HEAT EXCHANGERS 
CONOENSERS 
TURBINES 
COMPRESSORS 
HEATERS 
DISTILLING PLANTS 
BATTERY CHANGERS 
METERS 
CONVERTERS 
TRANSFORMERS 
CIRCUIT BREAKERS 
CONTROLLERS 
GENERATORS 
MOTORS 
MOTOR GENERATORS 
RELAYS 
RHEOSTATS 
SWITCHES 
SWITCHBOAROS 
VISUAL ALARMS 
LIGHTING FIXTURES 
GYRO COMPASSES 
PROJECTION EQUIP 
17G: EQUIP 
NAVIGATIONAL EQUIP 
INJECTORS 
BURNERS 
MARINE HARDWARE 
REFRIG EQUIP 
AIR CONOITIONING 
STARTERS 
WIPERS 
AUDIBLE ALARMS 
BEARINGS 
INOICATORS 
CLUTCHES 
FANS 
SHOP EQUIP 
REGULATORS 
GALLEY EQUIP 
OEHYORATORS 
GAGES 
TESTING EQUIP 
Pliers 
PANELS 


1988 Potential 
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1989 Potential 


Nomenclature 
ISOLATORS 
HYORALIC EQUIP 
CAPSTANS 
REELS 
OAVITS 
CRANES 
HOISTS 
ELEVATORS 
STEERING EQUIP 
CONTROL EQUIP 
WINCHES 
WINOLASSES 
FIREFIGHTING EQUIP 
LUBRICATORS 
ENGINES 
PLUMBING EQUIP 
GEARS AND REOUCERS 
GOVERNORS : 
IGNITION EQUIP 
EJECTORS 
EOUCTORS 
STRAINERS 
PURIFIERS 
TRAPS-STEAM 
COUPLINGS 
SILENCING EQUIP 
BRAKES 
BLOWERS 
WELOING SYSTEMS 
BOAT PROPULSION 
DECK MACHINERY 
PHOTOGRAPHIC EQUIP 
UNDERWATER LOG EQUIP 
VALVES 
MISC PARTS 
LAUNORY EQUIP 
TANKS 
Mee, HOSE, & FITTINGS 
ASW EQUIP 
YELLOW GEAR 
PERISCOPES 
MISC EQUIP 


GRANO TOTALS 


1988 Patentioal 


1988 Patential 


1989 Potential 


Patential Ouplicate APL’s and Parts 


1989 Potential 


APL Reduction Ports Reductian APL Reductian Parts Reductian 
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APPENDIX D : NSLC MODEL 


PTD. The cost of PTD, the first element of the model, “jrename 
only to the PTD development costs experienced by the contractor. Since 
these costs would be listed as ’Not Separately Priced’ on the contract’s 
supply schedule, they should be set equal to zero for the purposes of the 
government’s life cycle cost formula."!1°5 Should the contractor bid based 


on government owned drawings, then by default the cost would be zero. 


Provisioning. Costs for provisioning include "...PTD analysis. 
maintenance philosophies, and management data that go into establishing an 
APL."116 Using the NAVSEA developed Level of Repair Analysis 
(LORA) model the formula is: 

CP = 450 + SOOGNRN) + 75CNP); 
where CP is the Cost for provisioning; | | 
NPN is the number of new parts being added to the supply system, 
NP is the number of parts currently in the system. 
Using the 25% factor for new parts discussed in Chapter Ill, the formula 
reduces to: | 


CP = 450 = 13192508) 


where P is the number of different parts in the equipment. 


115 LCDR Poe, Paper, p 7. 
116 LCDR Poe, Paper, p 7-8. 
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NSN. Increasing the NSN population results in additional management 
costs. A 1981 Army study found that it annually cost $448 to manage each 


NSN. This cost was comprised of: 


"Supply Operations > 34.10 
Requirements Computations 119.35 
Logistics Data Management S525 
Distribution and Transportation 102.30 


DLSC Data Storage and Data Management 107.00"1!!7 
Using these costs, the formula for the additional management costs, CM, 
is: 
CM = 448(NPN)(L), 
where L is the projected life cycle of the equipment. 
Training. The costs of training resulting from the introduction of a 
new piece of equipment include: 
(a) Length of training 
b) Training equipment 
c) Course material 
(a) Training site and maintenance costs 
(e) Travel and labor costs 
The length of training is dependent on the equipment’s complexity. If 


the equipment is being introduced as a replacement, then it is assumed that 


the costs for (a) have been established and the value is zero. 


The formula assumes that the current practice of using a training 
facility on both coasts will continue. Furthermore, the model assumes the 
costs to maintain each site will average 50% of the original procurement 
cost of the equipment per year per site, and that training will stop four 


years prior to the end of the projected life. 


117 U.S. Army DARCOM Catalog Data Activity Memorandum, Cost 
to Establish and Maintain an NSN, 19 November 1981. 


Walt 


The formula for the total additional training costs is therefore: 
CT = 2(PR) + .5(2PR)(L-4), 


where CT is the cost of additional training 
PR is the equipment unit price 


The formula can be simplified to: 


Cl" =PR Uae 


Technical Manuals. The introduction of a new equipment or part 
requires changes to technical manuals. Using the LORA model as a basis, 
the cost for a manual 1s: 

CTM = 62.5(P) + 20(Pop), 


where CTM is the cost for technical manuals, and 
Pop is the number of ships. 


If the equipment is being introduced as a replacement, then it is 
assumed that the distribution costs have been established and the value is 
zero. Lhe formula then becomes: 


CON 6 Vane) Cea) 


Installation Drawings. The addition of a new piece of equipment 
requires the one-time charge for installation drawings. Assuming that 
there is only one drawing needed for each ship class, then the formula is: 

CU) a) UU). 


where CD is the cost for installation drawings, and 
CL is the number of classes. 


Configuration Control. The Consolidated Shipboard Allowance List 
(COSAL) is the single most important document used by the afloat supply 
officer to provide supply support while deployed. Maintenance of the 


COSAL through the OPNAYV 4790/CK form by the NAVSEA system 
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prevents support degradation. This cost for processing the forms, as 
estimated by Ships Engineering Configuration Accounting System (SECAS) 
personnel, is $20 each. The formula is: 
Ce-— 20(Fop), 
where CC is the cost of configuration control. 
This cost only covers computer related processing. It does not include 
the cost for the sailor to complete the form or for the system to make 


changes reflecting the new configuration. 


1 esting. A basic premise of the model is that the procurement is 
based on a performance specification. When an item is purchased on this 
basis, then first article testing 1s already included as one of the 
acquisition costs. If the equipment has been previously tested, then it 1s 
the government’s prerogative whether to pay for further testing. In light 


of this argument, no testing costs are required. 


Planned Maintenance. "Although Planned Maintenance (PMS) is an 
integral part of ILS, consideration in the economic analysis related to 
competitive procurement is minimal. The logic for this hypothesis is that 
if PMS is necessary to support the originally installed equipment, then the 
Similarity between the competed eaoent and the original equipment 
would necessitate similar PMS. The only significant difference would be 
in the identification of required repair parts:‘on the individual Maintenance 
Requirement Cards (MRC), a review of the original Mrc’s to assure 


compatibility with the competed equipment and promulgation of the new 


Ws 


MRC’s. The average value for this non-recurring effort is estimated at 


$500.00.""118 


Total Costs. The formula for computing the total hidden ILS costs, 
C, that result from the intrcduction of new equipment is therefore: 


C = 450 + 131.25(P) + 448(NPN)(L) + PR(L-2) + 62.5(P) + 1000(CCL) + 
20( Pop) + 500 


118 Mr. Richard Jones, H,M&E Standardization. 
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APPENDIX E : DESC MODEL!?!? 


Non-Standard Documentation. A National Aerospace Standards 
Committee (NASC) survey noted that it took an engineer between 2 and 
145 hours to develop a drawing for a new part and that 67% of ail 
drawings were for new parts. He then estimated that drawings per part 
for a stud averaged 2/7 manhours. (Other averages are provided, but this 
was the only pertinent H,M&E example.) Using a 1973 industry average 
of $25 per manhour and a conservative 50% rather than 67% for new part 
drawings, the cost formula for nonstandard documentation is: 

DOC = (MH)(3/MH )(%ND), 
where MH is the number of manhours, 
$/MH is the cost per MH, and 
%ND is the percentage of new drawings. 


Substitution of the average costs above: in this formula results in a 


drawing avoidance benefit of $337.50. 


Testing. The formula for testing is: 
Siete wey, | ), 
where 1TEST is the total cost for testing, 
%PT is the percentage of parts tested, and 
$/T is the average cost per test. 


An NASC study indicated that 70% of all electronic parts are tested 


and MPCAG estimated that average cost for testing a mechanical part was 


| 119 Messrs. Charles E. Gastineau and Donald L. Kerr, "Don’t Cry: 
Justify", from The Economics of Standardization, edited by Robert B. 
Toth, p 63. Unless otherwise noted, information for this discussion is 


taken from Messrs. Gastineau’s and Kerr’s article. 
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$4,800. Again being conservative and using 25% (as opposed to 70%), the 


average cost to test is $1,200 per part. 


NSN Management. The formula for NSN management, which includes 
both one-time charges and annual inventory maintenance costs, is: 
IM = [($/C) + (y)(M$/y)](%ND)(NPN), 
where IM is the total inventory management costs over y years, 
5/C is the cost to catalog (a one-time charge), 
y is the number of years (10 years in the model), 
M$/y is the management cost per year, and 
NPN is the number of new parts per drawing. 
The NASC survey found that the average drawing contained 7.3 parts, but 
that only 3 were provisioned. (The article did not indicate whether the 
remaining 4.3 parts were already in the system or if the government 
intentionally decided against stocking them.) The survey also noted that a 
part had a life expectancy of 10 years before it was upgraded. Mr. 
Gastineau estimated that it cost $207 to enter a part into the system and a 
1968 DLA report stated that it cost $165 per year to manage it. Assuming 
that the use of a standard prevented preparation of a drawing 50% of the 


time and thus excluded 3 new parts 50% of the time, inventory management 


costs are $2,785.50 per part. 


Maintenance. The annual formula for depot maintenance is: 


MC = (y)(3R/y), 


where MC is maintenance costs. and 
SR/y is the annual repair costs. 


The model uses a standard $300 per year for maintenance costs for 
Electronics, but $0 for H,M&E since it is not returned to a depot for 


repair. (This may not be a realistic assumption). 
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Total Costs. Combining the above elements results in the following 
per part total life cycle cost avoidance formula per part: 


CA = CME) a MECN) + (%PT )($/T) + [($/C) + 
(y )(M3/y)|(%ND)(NPN) + (y)(SR/y). 


Its value for the example is: 


CA = $4,323.00. 
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APPENDIX F : AIAA MODEL!29 


Increased Quantity _ Purchases. The savings attainable through 


increased quantity purchases is: 


Sqb = Qn(Cn) - Qn(Cs), 


where Sqb is the cost reduction resulting from volume purchases, 
Qn is the number of parts purchased yearly if not replaced by a 
Standard part, 
Cn is the actual cost of the part, and 
Cs is the price of the standard part based on the volume change. 


Reduced Paperwork and Handling. The formula for savings attained 


through the reduction of paperwork is: 
Spw = (N, - N5)(K) + (D, - D3) + M), 


where Spw is the cost avoided through paperwork reduction, 
N, 1s the number of orders before standardization, 
N. is the number of orders after standardization, 
K is the cost to process each order, 
D, is the number of shipments received before standardization, 
D5 is the number of shipments received after standardization, 
J 1s the cost of paperwork for storage processing, and 
M is the receiving cost inspection. 


Reduced Storage Requirements. The formula for savings achieved 
through reduced storage requirements is: 
Ssp = (Ceci )(V, = Voz 
where Ssp is the savings accrued from reduced warehousing requirements, 
Ccf is the annual cost to maintain one cubic foot of warehouse, 


V, 1s the number of feet occupied before standardization, and 
V. is the number of feet occupied after standardization. 


120 This entire section is taken from the National Aerospace 
Standard 1524 of the Aerospace Industries of America, Chapter 5 of The 
Economics of Standardization, pp 94-106. 
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Reduced Engineering Search Time. The savings realized through the 


use of standard manuals is computed as: 
Sys = (N)(Re)[(Tef)(Rs) - (Tsm)] - Cos, 


where Sys is the savings avoided resulting from reduced search time, 
N is the average number of searches, 
Re is the burdened engineering rate per hour, 
Tef is the time to perform each search using engineering files, 
Rs is the search success rate using standard documents, 
Tsm is the time to search in standard documents, and 
Cos is the annual cost to publish and maintain standard documents. 


Standard Stock vice Establishing a New Standard. The savings 


realized by using a standard part rather than preparing a new standard is 


computed as: 
S; = (Q)(C, - Cz) + Ces + (1)L(Q/2)(C, - C,)] + Y, 
Sd = (Q)(C, - Cy) + (U(Q/2)(C, - C2)} + Y, 


where S, is the savings the first year, 
Sd is the savings during succeeding years, 

Q is the annual quantity purchased 
C, 1s the unit cost of the new standard part, 
C.4 is the unit cost of the new part if increased quantities are 
purchased, 
Ces is the cost of establishing a new standard part, 
I is the carrying cost, and 
Y any additional savings, including intangibles that might be 
achieved. 


Standard Stock vice New Design. The engineering savings realized by 
using a standard part rather than a new part is computed as: 


S, = (Q)(C, - C) + Crs Gat 4 CIQ/2N(C, -C,)] + (He)(Re) + 


Sie) (men) 1) O/2)(C, = C5) + Y, 


where Crs is the cost of issuing a part, 
Cqt is the cost of qualification testing, 
He is the estimated number of hours to engineer the new part, 
Re is the standard, including overhead, engineering rate, 
Hd is the estimated number of hours to design the part, and 
Rd is the standard, including overhead, design hours. 


WAS, 


Reduction of Inventory Range. The formula for computing savings 

resulting from inventory consolidation (Sri) is: 
Sri = [Cmi - Cimp|(N), 

where Cmi is the annual cost for stocking and issuing a part, 

Cimp is the cost to implement a standardization program on a per 

item basis, and 

N is the number of parts eliminated. 

Stocked Standard Part vice Nonstocked Part. The savings achieved by 

using stocked standard parts in lieu of nonstocked, nonstandard parts 


(Snp) is computed as: 


Snp = (Ces - Cimp)(N). 


Design Standards. The formula for computing savings achievable by 
using a design standard in lieu of detailing (Sds) the complete design is: 
Sds = (Rd)[(N)(Hd, - Hd) - (Hes)] + Y, 
where Hd, is the number of hours to detail the design element on an 
engineering drawing, 
Hd. is the number of hours to specify a design standard on an 


engineering drawing, and 
Hes is the additional savings that might be applicable. 
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APPENDIX G : NSLC AND DESC MODEL RESULTS 


Appendix G provides the comparative results of the NSLC and DESC 
cost models discussed in Chapter [V, and described in Appendices D and E, 
and is presented in two parts. The first presents the NSLC model costs 
for 1987 through 1989 and the DESC model costs for 1987 and 1988. The 


second part presents the DESC model costs for 1989. 


reg 


Nomencloture 
PUMPS 
BOILERS 
HEAT EXCHANGERS 
CONDENSERS 
TURBINES 
COMPRESSORS 
HEATERS 
DISTILLING PLANTS 
BATTERY CHANGERS 
METERS 
CONVERTERS 
TRANSFORMERS 
CIRCUIT BREAKERS 
CONTROLLERS 
GENERATORS 
MOTORS 
MOTOR GENERATORS 
RELAYS 
RHEOSTATS 
SWITCHES 
SWITCHBOARDS 
VISUAL ALARMS 
LIGHTING FIXTURES 
GYRO CGMPASSES 
PROJECTION EQUIP 
I/C EQUIP 
NAVIGATIONAL EQUIP 
INJECTORS 
BURNERS 
MARINE HARDWARE 
REFRIG EQUIP 
AIR CONDITIONING 
STARTERS 
WIPERS 
AUDIBLE ALARMS 
BEARINGS 
INDICATORS 
CLUTCHES 
FANS 
SHOP SQUIP 
REGULATORS 
GALLEY EQUIP 
DEHYDRATORS 
GAGES 
TESTING EQUIP 
FILTERS 
PANELS 


Stondordizotion Costs Using NSLC ond DESC Models 


1987 Cost 
NSLC Model 


1988 Cost 
NSLC Model 


1989 Cost 
NSLC Model 


1987 Cost 
DESC Model 


14,229,189 
1,482,314 
860,866 
256,973 
4,937,001 
8,268,940 
1,505,938 
458, 133 
686,115 
137,791 
1,680,253 
21,892 
2,609,793 
24,589,528 
2,934,962 
3,552,973 
436,684 
508, 122 
60,973 
3,168,458 
1,974,051 
194,779 
333,528 

1 S7oe 177 
269,899 
1,304,110 
2,963,583 
153,024 
454,703 
571,514 
7,711,311 
522,869 
308,546 
148 , 944 
233,087 
266,270 
2,810,931 
553,743 
345,222 
3,020, 896 
732,734 
4,647,514 
859,115 
1,143,830 
1,913,703 
3,459,091 
4,688,519 


14,942,648 
1,556,432 
903,910 
269,822 
a 182,80 | 
8,472,587 
1,061,290 
481,939 
720,420 
144,680 
1,764,265 
22,907 
2,748,282 
28,240,289 
2, 805.100 
8,980,621 
458,519 
Doo ,o0cG 
64,821 
3,618,096 
27 2e/ 09 
204 ,518 
558),205 
1,448,135 
283,594 
1,069,516 
3,508,188 
168,675 
477 ,438 
608 ,d90 
S,7/o,703 
694,012 
848,974 
156, 391 
244 ,741 
2/79).374 
2,90 12477 
981,430 
562,483 
2,300,075 
789,370 
4,879,890 
692,070 

1 201,020 
2,809,388 
3,632,846 
4,922,945 
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15,687 ,682 
7,654,251 
949,105 
283,313 
5,443,043 
8,896,006 
1,660,297 
505,091 
756,441 
151,914 
852.479 
24,136 
2,877,297 
34,306 , 350 
4,524,331 
9,429,652 
481,445 
569,285 
67,225 
4,341,442 
2,175.59 
214,744 
567.715 
1,520,542 
297 ,564 
1,437, 782 
4,396 ,542 
168 , 729 
521,310 
638,294 
18,475 ,537 
686,713 
891,422 
164,218 
256 ,978 
293,342 
3,099,051 
610,501 
380,608 
4,567,481 
887,339 
5,123,884 
726,574 
1,201,072 
2,189,858 
3,813,648 
5,169,092 


11,154,274 
1,030,089 
624 ,628 
135,618 
2,940,959 
5, 22ence7 
1, 1789827 
241,285 
515675 
86, 297 
1,260,215 
12,320 
2,094,699 
19 ,o2deues 
li 7 20a7 72 
6,718,865 
147 ,938 
397 242 
41,094 
2,494,438 
1,499,932 
147 ,938 
260 , 262 
1,041,047 
218,949 
1,088,172 
2,002,075 
106,844 
246 ,564 
438,336 
6,808,158 
462,392 
5756 
lisews3 
136 , 982 
95,886 
2,205,599 
208 , 229 
292,043 
2,27 limone 
557,997 
3,614,900 
391.765 
890,359 
1,490,341 
VARW A Fan 74 02 
5,682,022 


1988 Cost 
DESC Model 





11,711,988 
1,081,593 
655.860 
142,391 
3,088 207 
6,534,147 
1,236,929 
253,139 
539,358 
90,612 
1,323,226 
12,945 
2,157,434 
22,271,812 
1,802,921 
7,254,808 
Hs, Sse 
417,104 
43,149 
2,849,284 
1,574,927 
155,335 
273,275 
1,093, 102 
221,497 
1,058,581 
2,755,660 
112, 187 
258,392 
460,252 
6,844,070 
486,142 
604,081 
120,816 
143,829 
100.882 
2,315, 645 
218,620 
264,645 
2,236,712 
595,452 
3,795,645 
411,351 
934,688 
1,584,858 
2,847,812 
3,866,121 


Nomenclature 
ISOLATORS 
HYDRALIC EQUIP 
CAPSTANS 
REELS 
DAVITS 
CRANES 
HOISTS 
ELEVATORS 
STEERING EQUIP 
CONTROL EQUIP 
WINCHES 
WINDLASSES 
FIREFIGHTING EQUIP 
LUBRICATORS 
ENGINES 
PLUMBING EQUIP 
GEARS AND REDUCERS 
GOVERNORS ° 
IGNITION EQUIP 
EJECTORS 
EDUCTORS 
STRAINERS 
PURIFIERS 
TRAPS-STEAM 
COUPLINGS 
SILENCING EQUIP 
BRAKES 
BLOWERS 
WELDING SYSTEMS 
BOAT PROPULSION 
DECK MACHINERY 
PHOTOGRAPHIC EQUIP 
UNDERWATER LOG EQUIP 
VALVES 
MISC PARTS 
LAUNDRY EQUIP 
TANKS 
PEE se Rose, & FITTINGS 
ASW EQUIP 
YELLOW GEAR 
PERISCOPES 
MISC EQUIP 


GRAND TOTALS 


Standardization Costs Using NSLC and DESC 


1987 Cost 
NSLC Model 


1988 Cost 
NSLC Model 


1989 Cost 
NSLC Model 


Models 


1987 Cost 
DESC Model 


1988 Cost 
DESC Model 


a ee es ee 


49,517 
8,182,517 
418,422 
Poe.sco 
187 , 880 
1,482,815 
1,182,644 
605,611 
497,369 
7,664,389 
2,894,692 
445 ,856 
2,007,877 
296,383 
32,411,991 
1oo,769 
2,007,001 
6,5) g,000 
38,497 
226,989 
49,398 
560,774 
4,422,873 
182,784 
686 , 391 
45,988 
446,462 
846,635 
226 gulls | 
712,382 
953 ,546 
65 , 283 

166 ,664 
28,587,789 
29g200 099 
11,877 7000 
967 , 142 
87,432 
1,889,813 
20,968,978 
421,779 
649,112 


280,828,871 


Se eee 


S1/ Gee 
9,637,012 
429 ,828 
865 ,872 
197 ,274 

i o50),950 
1,241,776 
635,891 
922,238 
8,847,524 
3,546,629 
468,149 
2,188,270 
269, 202 
34,832,591 
166,787 
5,05 W502 
7.475 ,0ec 
$2,022 
207,019 
55,841 

588 ,813 
4,643,176 
187 ,923 
739,000 

47 ,868 
468,785 
888 ,967 
1,518,930 
748 , 281 
BBN e22> 
68,253 
174,397 
ey, 050, 178 
26,508,844 
14,634,018 
eehey seks 
91,884 
1,868,324 
2owubseiue7 
442,868 
681,568 


SU ljo06,000 


=a ee 


INS: 


Sees e sees = = 


54,099 
12,868,641 
920,459 
1,849,044 
287 , 138 
1,634,804 
1,303,864 
667 ,686 
548,349 
8,449 ,982 
4,884,647 
491,556 
2,213,684 
282 ,662 
35,734,221 
175 ,d43 

3, 182,952 
3,200,002 
553625 

249 ,814 
63,698 
618,254 
toon Ooo 
113,328 
939,770 
oe5251 
492,224 
933,415 
1,384,939 
785 , 481 
1,051,284 
71,565 
183, 747 
22,603,837 
27 ,825, 886 
17,638,994 
625,274 
96 , 394 
ioe 
25, 109,478 
465,012 
715,646 


334,588,692 


6,209,729 
119, 187 
574,583 

38,354 
542,449 
910,916 
427 ,377 
390.393 

Boe, /05 

2,067,313 
191,772 

1,561,571 
191,772 

25,083,761 
123.282 
1,986,209 
4,958,002 
2 

182,735 

16,414 
439,706 

3,347,789 

76,709 
427 729 

28,766 
336,971 
624,081 
988,995 
249,303 
723,254 

49,313 

82,188 

16,174,588 
19,908,441 

9,325,410 

157,527 
21,917 
712,296 
16,533,475 
271,220 
528 , 195 


210,876,627 


=e es me an en a 


7,344,798 
117 ,634 
662,711 

48,272 
969,962 
956, 462 
448,746 
489,912 

6,358,948 

2,413,028 
201,368 

1,659,590 
201,368 

26,337,949 
129,446 

(api aloes stay | 

5,808,863 

B 

187 ,872 

19R7oe 
461,691 

Spo lo ize 

88,544 
498,749 

38, 204 
200 ,o 10 
634,285 

1,838,445 
261,769 
75S 

Olw7s 

86,297 

16,983. 3517 
20,895 , 463 
11,824,558 

165 , 483 

Zombies 
747,912 

17,362,149 

284,781 

933,685 


250, 160,797 


Namenclature 


PUMPS 

BOILERS 

HEAT EXCHANGERS 
CONDENSERS 
TURBINES 
COMPRESSORS 
HEATERS 
DISTILLING PLANTS 
BATTERY CHANGERS 
METERS 
CONVERTERS 
TRANSFORMERS 
CIRCUIT BREAKERS 
CONTROLLERS 
GENERATORS 
MOTORS 

MOTOR GENERATORS 
RELAYS 

RHEOSTATS 
SWITCHES 
SWITCHBOARDS 
VISUAL ALARMS 
LIGHTING FIXTURES 
GYRO COMPASSES 
PROJECTION EQUIP 
T/C EQUIP 


NAVIGATIONAL EQUIP 


INJECTORS 
BURNERS 

MARINE HARDWARE 
REFRIG EQUIP 
AIR CONOITIONING 
STARTERS 

WIPERS 

AUDIBLE ALARMS 
BEARINGS 
INDICATORS 
CLUTCHES 

FANS 

SHOP EQUIP 
REGULATORS 
GALLEY EQUIP 
DEHYORATORS 
GAGES 

TESTING EQUIP 
FILTERS 

PANELS 


Standardization Costs Using NSLC and DESC Madels 


1989 Cast 
DESC Model 


V2,297 7oor 
1, 1955675 
688,653 
149,518 
3,242,487 
6,860,855 
2985/70 
2655790 
O60), 220 
95,143 
1,563,957 
15,592 
2,269,500 
27,056,830 
2,990, 176 
7,407,548 
163, 182 
437,959 
45,3506 
35419249 
1,655,075 
165,182 
286,999 
1, 1575755 
20c 40) | 
plsailbalarsyy 1 
57462095 
17,799 
271,807 
483,265 
8,181,274 
518,449 
634,285 
126 , 85/7 
lo 1,020 
105,714 
2,431,428 
229; 35) 
21/017 
3,592,442 
625,224 

5 Oeonae7 
431,918 
981,632 
1,643,101 
2,990,203 
4,059,427 
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Nomenclature 
ISOLATORS 
HYDRALIC EQUIP 
CAPSTANS 
REELS 
DAVITS 
CRANES 
HOISTS 
ELEVATORS 
STEERING EQUIP 
CONTROL EQUIP 
WINCHES 
WINDLASSES 
FIREFIGHTING EQUIP 
LUBRICATORS 
ENGINES 
PLUMBING EQUIP 
GEARS AND REDUCERS 
GOVERNORS 
IGNITION EQUIP 
EJECTORS 
EDUCTORS 
STRAINERS 
PURIFIERS 
TRAPS-STEAM 
COUPLINGS 
SILENCING EQUIP 
BRAKES 
BLOWERS 
WELDING SYSTEMS 
BOAT PROPULSION 
DECK MACHINERY 
PHOTOGRAPHIC EQUIP 


UNDERWATER LOG EQUIP 


VALVES 

MISC PARTS 
LAUNORY EQUIP 
TANKS 


fee, HOSE, & FITTINGS 


ASW EQUIP 

YELLOW GEAR 
PERISCOPES 
MISC EQUIP 


GRAND TOTALS 


Standardization Costs Using NSLC and DESC Models 


1989 Cost 
DESC Model 


eo ae ee ee 


9,243,836 
181,992 
806 , 192 

42,286 
998 ,241 

1,084,285 
471,183 
430,408 

6,655,467 

2,905,068 
211,428 

We Alls ee 
211,428 

27,654,847 
135,918 
2, \O0n7 oo 
Paco ler 
2 

i265 
255;075 
484,775 
Cinlels lars Byrd 
84,571 
Slo .oo| 
31,714 
571,910 
666 , 020 

| oee oo 
274,857 
797 , 387 

34,367 
98,612 
17,832,483 
21,948,237 
13,866 ,094 
7 5,67 5 
24,163 
785,505 

18,228,156 
299,028 
360,286 


299,494,533 
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APPENDIX H : STANDARDIZATION COSTING MODEL??? 


As noted in Chapter IV, the model combines the elements from both 
the NSLC and DESC models. In many cases, the formulas are repeated 
so the reader does not have to keep referring to previous appendices. 
Justification for element selection will only be provided where the 


formulas deviate from their predecessors. 


1. NON-RECURRING COSTS 

Non-Standard Technicai Data. Technical data must be purchased when 
a new equipment is introduced if the supply system is to ensure proper 
support. As discussed in Chapter IV, the NSLC Data Ownership Model 
for estimating technical data required too many broad assumptions to be 
valid. Using a Best Replacement Factor (BRF) of 10%, a system life of 
10 years, and not compensating for testing costs, the NSLC model 
estimated a technical data cost of $9.549M per new pump per year. This 
value was intuitively too high to be acceptable. However, the costs are 
required if the model is to be valid. The next alternative was the non- 


standard documentation costs provided in the DESC model. 


The AIAA survey found that each drawing contained an average of 7.3 
parts. and that 6/% of the parts were new to the supply system. This 
equated to 4.89 parts per drawing. For conservative purposes, a median 

‘21 All constants used in the actual calculation were inflated at an 
annual rate of 5%. However, in this appendix the values used in the 


NSLC and DESC models are presented to prevent confusion in 
understanding the derivation of the model. 
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of 4 nonstandard parts/drawing was used in the model. Additionally, the 
number of drawings needed were rounded to the nearest complete drawing. 
Thus the cost formula for drawings is: 

DOC = (MH)($/MH)[(NSP)/4](E), 


where NSP is the number of Non-Standard Parts, and 
E is the number of new equipment. 


In 1982 DESC updated the cost per MH ($/MH) to $52/hour. Otherwise 
the 27 hours per drawing (M/H) remains consistent with the previous 


explanation. [This formula was obtained from the DESC Model. 


Provisioning. For ease in writing the equation in the software, this 
formula was left in its original state. 
CP = 450 + {[300(NSP) + 75(SP){(E)}, 
where SP is the number of Standardized Parts per each new equipment. 


This formula was obtained from the NSLC Model. 


Testing. With the increasing attention to quality control, the 
percentage tested (%PT) was increased from DESC’s estimate of 25 to 
50%. Additionally, in 1982 DESC increased the cost per test to $7,872 
($/T). 

TEST = (%PT)($/T)(NSP)(E). 


Technical Manuals. The NSLC model assumes that the technical 
manual distribution costs have already been established. However, when 
an equipment is introduced, the manuals must still be sent to the fleet, so 
the cost for distribution is included in the algorithm. The formula for 
the cost of technical manuals (CTM) is: 


CTM = 62.5(P) + 20(Pop), 


7 


where P is the number parts in the equipment, and 
Pop is the number of ships where the equipment is installed. 


This formula was obtained from the NSLC Model. 


Installation Drawings 
CD = 1,000@@E is 
CD is the cost of drawings, and 
CL is the number of classes of ships where the equipment is 
installed. 


This formula was obtained from the NSLC Model. 


Training Equipment. There are two costs for training, one for 
establishing the program and the other for annual operating expenses. 
This element considers the non-recurring costs for starting the program. 

Ol SAE 


CT is the cost of training equipment, and 
R is the equipment unit price. 


Planned Maintenance 
CPM = $500. 
CPM is the cost for planned maintenance. 


This formula was obtained from the NSLC Model. 


2. ANNUAL OPERATING COSTS 

The operating costs are based on a 10-year life-cycle. The present 
value 1s computed using a 10% discount factor. Initially, the model was 
run using a 5% inflation factor for year 1. It was not factored in the 
annual costs for years 2 through 10. A second calculation was run 
computing the Net Present Value (NPV) assuming a 5% annual inflation 


TGalie: 
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NSN Management Costs 
CM = 448(NSP)(E). 


This formula was obtained from the NSLC Model. 


Training. Unlike the NSLC model, it is assumed that training on the 
equipment continues until the equipment is replaced. 


Cie kK. 
This formula was derived from the NSLC Model. 


Configuration Control. Configuration controi is an ongoing effort. 
It does not stop once the equipment is deployed. However, only parts that 
fail more than anticipated receive any attention.!-* The NSLC modei is 
modified to reflect the failure rates of the parts. An arbitrary value of 
10% was selected for the BRF. But the NSLC model only considers ithe 
cost to process OPNAV 4790/CK Forms. It does not include the time for 
a sailor to complete the form, an engineer to revise the part, and the 
configuration control board to meet and approve the change. Therefore, the 
$20 per effort remains to compensate for the shortcomings, despite the 
change in the formuia logic. 


CC — 20GB REV@NSE )(E). 


This formula was obtained from the NSLC Model. 


122 This assumes that the equipment is not constantly upgraded, and 
therefore the parts baseline remains stable. 


iS? 


Summarizing the formulas, the model for non-recurring costs is: 


{(MH)($/MH )[(NSP)/4](E)} + 
{450 + {[300(NSP) + 75(SP)|(E)}} + {(%PT)($/T )(NSP)(E)} + 
{62.5P + 20(Pop)} + {1,000(CL)} + {2PR} + {500}, 


and the model for annual costs is: 


{448(NSP)(E)} + {PR} + {20(BRF)(NSP)(E)}. 
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APPENDIX I: STANDARDIZATION COSTING MODEL RESULTS 


Appendix I provides the results of the Standardization Costing Model, 
I.1, and Duplication Reduction Savings, 1.2, discussed in Chapter IV and 
described in Appendix H. In I.1 costs for each year are segregated in 
three columns. The first column for each year is the sum of the non- 
recurring costs and the present value, for ten years at 10%, of the annual 
eosts for non-standardization. The second column lists the values of the 
non-recurring costs included in the first column. These are the "one- 
time’ charges incurred when a new piece of ee ipetent is introduced to 
the fleet. The third column provides the annual costs resulting from 


non-standardization. Only the annual cost for a single year is shown. 


I.2 provides the results. of the Standardization Costing Model when 


applied to reduction of duplicate parts. 
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I.1 1987 - 1989 Summory Estimoted Costs for Non-Standardizotion (Uninflated) 


Totol 1987 1987 Non- 1987 Annuol Totol 1988 1988 Non- 

Nomencloture Est Costs Recurring Costs Costs Est Costs Recurring Costs 
PUMPS 26,633,902 15,0267772 ly23e 02 21,66o, 597 13,678, 114 
BOILERS 2,083,530 1,255,020 135 , 082 2,187,707 1,516. 196 
HEAT EXCHANGERS 1,382,938 829 ,562 77 , 248 1,374,883 877,338 
CONDENSERS 551,056 199,959 25,241 569,899 207 , 548 
TURBINES 6,559,083 3,744,384 474,354 6,992 30a, 3,931,624 
COMPRESSORS 11,694,234 7,500 ,85¢ 706 , 864 12,278,946 7,718,481 
HEATERS 2,485, 182 1,680,982 138,867 2,629,872 T,,785 943 
DISTILLING PLANTS 600,398 5225191 45,277 638,418 356, oon 
BATTERY CHANGERS 999.228 627,548 60,570 TeOS2- 171 661,383 
METERS 229, 186 1805955 12,7352 243,158 161,885 
CONVERTERS 2,979,595 1,466,289 148,675 2,498 ,827 1,539,604 
TRANSFORMERS 48 ,673 37,441 1,828 92, 180 40,387 
CIRCUIT SREAKERS 3,974,322 2,085,270 226 , 383 4,190,907 2,750. 5e¢ 
CONTROLLERS 35,698,449 22,628,444 2,127,283 41, 132,082 26,275 0163 
GENERATORS 3,944,619 2,208,914 282,478 Ory 57.10 2,063,286 
MOTORS 14, 157,183 9, 969,6c6 743,349 14,961,345 18,165,119 
MOTOR GENERATORS 535,266 245 , 828 47,1088 963, 103 299i 
RELAYS 838,281 968,157 43,961 887,113 603,483 
RHEOSTATS 95.259 52,009 5,020 188,716 66,396 
SWITCHES 5,449,735 3,768,499 274,915 6,283,458 4,354,197 
SWITCHBOARDS 2,887,896 1,828,042 173,788 3,840,998 1,919,572 
VISUAL ALARMS 309,573 205.916 16,878 327, 199 218.308 
LIGHTING FIXTURES 549,835 373,840 28772 581,859 396,225 
GYRO COMPASSES 1,969,398 jgeelsoos 121,657 2,067,862 1, 282,9an 
PROJECTION EQUIP 392,681 258,481 23,208 412,316 262,585 
17C EQUIP 1,888,132 1,188,469 113, 867 1 9827006 1,247 ,892 
NAVIGATIONAL EQUIP 4,326 ,667 2,746,641 257 , 142 9,118,652 5,244 ,232 
INJECTORS 217, 160 133,343 13,641 228,018 148,012 
BURNERS 597,715 525577 | 44,583 627,090 350),.209 
MARINE HARDWARE 881,137 5/4009 49,895 929,965 608,254 
REFRIG EQUIP 11 ,.7022804 70708176 672,568 15,379, 145 8,677,378 
AIR CONDITIONING 915,095 574,405 So 120 961,849 626,227 
STARTERS 1,146,098 698,229 72,889 1,203,482 733,148 
WIPERS 219,875 141,637 IZ: 733 231,584 149,435 
AUDIBLE ALARMS 325 080 188,738 22, 189 342,527 199,367 
BEARINGS 348,321 174,414 28 . 383 367,407 184,385 
INDICATORS ea soya of 2 PAT Loi 3 244 227 4,508,670 2,952, 976 
CLUTCHES 676,772 315,344 98,821 718,618 BES 
FANS 681,346 493,124 36,632 726,386 5285792 
SHOP EQUIP 4,694,994 3,082,525 262,422 4,452,781 2,951,002 
REGULATORS 1,256,858 663,275 63,810 1,188,861 697 iad 
GALLEY EQUIP 6,989, 983 4,418,144 485 ,522 7,279,010 4,663,263 
DEHYDRATORS 882,047 492,513 63,101 924,849 516.939 
GAGES 1,883 ,986 I27e,coS 99 ,538 1,995 ,69¢ 1,351,493 
TESTING EQUIP 257765005 1,752,445 166, 729 2,915,643 1, 840, 268 
FEEFERS 5,260,514 3,412,867 308,696 5, 547 alos 3,607 122 
PANELS 7,031,506 4,528,230 487,397 7,409,798 4,781,358 
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I.1 19887 - 1989 Summory Estimoted Costs for Non-Standordizotion (Uninfloted) 


Totol 1987 1987 Non- 1987 Annuol Totol 1988 1988 Non- 

Nomenclature ESCa@osts Recurring Costs Costs Est Costs Recurring Costs 
ISOLAT ORS 58,367 14,248 5,878 52,080 14,961 
HYDRALIC EQUIP 11,628,248 7ye5,6 10 720/17 fa? il 2) 8,497,943 
CAPSTANS 495,723 211,734 46,218 587,065 25,995 
REELS pele 3 767 ,382 Gong72 1,285,069 819,278 
DAVITS 218,566 87,591 21,016 229,971 92.447 
CRANES 1,806 ,211 830,678 158,765 1,896 ,521 872.224 
HOISTS 1,698,639 19063,526 183,394 een Re re 1,116,492 
ELEVATORS 862,176 526,143 54,688 965 ,284 552,452 
STEERING EQUIP 721 cele 463,569 42,949 763,536 486,557 
CONTROL EQUIP 11,448,667 fe Siayaeloyas| 665,510 liZo5.1o5 7,760,691 
WINCHES 4,135,294 2,529,199 26,505 4,794,115 2,943,894 
WINDLASSES 559, 141 275,685 46,131 587 ,698 289,469 
FIREFIGHTING EQUIP 2,892,119 ly euib,. oo | 179835 1 5,056,720 1,967,463 
LUBRICATORS 383,928 246 , 001 22,447 424,794 259,97 1 
ENGINES 46,924,275 29,497 ,472 ORS6, 152 49,276,489 38,972,346 
PLUMBING EQUIP 242,924 159,586 Sess 290,202 168,758 
GEARS AND REDUCERS 4,668,198 2,435,847 264,356 4,263,208 2,557,648 
GOVERNORS 9,217,447 0,792,758 5o77556 18,383,576 6,794,355 
IGNITION EQUIP 31,803 9,493 B01 52,000 9,968 
EJECTORS 292,798 149,246 23,036 505,926 157 3300 
EDUCTORS Flea 48,590 5,068 82,645 48,254 
STRAINERS 1,224 ,689 726, 163 48,486 1,888,255 TES) 52515 
PURIFIERS 6,368,981 Oy o70,07 9 390,281 6,687 ,430 4,169,417 
TRAPS-STEAM 172,991 118,791 8,821 183,510 126 , 400 
COUPLINGS 1,288,099 682,120 64,769 1,252,799 861,354 
SILENCING EQUIP 76,017 51,478 3,994 88,653 54,887 
BRAKES 768,646 467 , 342 Soe s 748,338 495,599 
BLOWERS [SS ,725 725 \0e 75,250 lg255, S59 764,576 
WELDING SYSTEMS Wels, 905 1,147,358 188 , 864 1,966,700 1,204,717 
BOAT PROPULSION 962,893 431,851 76,660 85:1), 138 456,544 
DECK MACHINERY 1,423,476 988,271 83,847 O00 570 959,429 
PHOTOGRAPHIC EQUIP C5577 63,842 5.425 181,554 60,502 
UNDERWATER LOG EQUIP 2155772 114,138 16,540 226,560 119,845 
VALVES 33, 849,257 22154970 1,779,666 34,936,442 23,454,397 
MISC PARTS 36,758,683 23,298,548 2, 190.575 53,096,017 24,463,476 
LAUNDRY EQUIP 7 yo8on 512 11,040,254 Teoa2.629 26,545,488 13,649,759 
TANKS 764,648 317 ,843 62,95) 742,623 336, 478 
Perey nose, & FITTINGS 188,509 49,792 9,556 114,411 52.7956 
ASW EQUIP 1,419,541 857 ,856 $1.,412 1,498,518 962,748 
YELLOW GEAR 31,940,338 20,765,798 1,818,932 So ocloi2 21,945,945 
PERISCOPES 579,478 $58), 154 Bone75 668 , 444 Seer us 
MISC EQUIP 1,022,997 677,627 Soci 1,088,468 717,809 
GRAND TOTALS 415,842,887 263,975,488 24,715,720 448,609,771 284,769,963 
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I.1 1987 - 1989 Summary Estimated Costs for Non-Standordization (Uninfloted) 


1988 Annuol Totol 1989 1989 Non- 1989 Annual 
Nomencloture Costs Est Costs Recurring Costs Costs 
PUMPS 1,299,926 22,748,876 14,362,019 1,364 ,922 
BOILERS 141,834 2,297 ,092 1,382,896 148 ,926 
HEAT EXCHANGERS 82,892 eS 1G. 67 929,269 84,936 
CONDENSERS 26 , 5083 389 ,849 216.055 27,828 
TURBINES 498,272 7,341,639 4,128,184 522,975 
COMPRESSORS 742,288 i2poo2,005 8,124,321 779,318 
HEATERS 137,411 Papers] oes Balbo 1,897,570 144,281 
DISTILLING PLANTS 47,541 661,939 555,216 49,918 
BATTERY CHANGERS 55,590 1,188,086 697,758 66,779 
METERS 13),569 250,005 71,855 14,837 
CONVERTERS 156, 189 2,625,/58 1,616,584 165.919 
TRANSFORMERS 1,919 55,979 43,596 27015 
CIRCUIT BREAKERS Z5/ a2 4,420,293 2,886,686 249 ,587 
CONTROLLERS 2,458,864 49,968,613 31,674,274 a7 4520 
GENERATORS 272,427 6,220,993 3,629,249 423,261 
MOTORS 782,516 1505000) 18,883,128 819,542 
MOTOR GENERATORS 49,463 592,449 PATI VS Sig gor 
RELAYS 46,162 939,142 641,528 48,468 
RHEOSTATS 5.000 186,546 72,529 Bocce 
SWITCHES 315,978 7,614,233 Sela er | 576,709 
SWITCHBOARDS 182,478 3,202,705 2,025,394 191,622 
VISUAL ALARMS sal ke] 345,940 251,697 (epeks 
LIGHTING FIXTURES 38,211 615,978 421,862 S722 
GYRO COMPASSES 127,748 Ze laos 1,547,299 134 5 127 
PROJECTION EQUIP 24,368 M52 505 275,714 25,996 
I/C EQUIP 119,562 2,081,663 1,518,287 125,558 
NAVIGATIONAL EQUIP 5035725 6,419,835 4,875,693 381,498 
INJECTORS 14,323 239,419 147,818 iSyess 
BURNERS 46,812 658 ,978 556,957 49,153 
MARINE HAROWARE 52,398 981,754 643,747 595,889 
REFRIG EQUIP 765,118 16,849,669 18,448,859 912,828 
AIR CONDITIONING 57,876 1,015,560 639,977 60,772 
STARTERS 75,595 lneoo or 2 169,797 88,362 
WIPERS 15,369 243,957 157,728 14,838 
AUDIBLE ALARMS 25,299 368,976 218,658 24,463 
BEARINGS 28,718 387 ,629 195,897 31,284 
INDICATORS 256,438 4,755,398 5, 100,913 269,269 
CLUTCHES Bie /62 746,141 347 ,666 64,852 
FANS 32,164 774,874 567,359 S577 2 
SHOP EQUIP 247 ,661 7,178,417 4,741,045 S5c,c7! 
REGULATORS 67,201 1,164,304 752,050 70,550 
GALLEY EQUIP 425,798 7,678,448 4,025,276 447 , 888 
DEHYDRATORS 66,256 970),.292 342,782 69,569 
GAGES 184,515 2,110,570 1,456,262 189,742 
TESTING, EQUIP 175,845 5,061,425 1,952,071 185,797 
GlETEks 515375) 5 650e7 01 5,0loge70 Soi onli7 
PANELS 427,766 7,889,915 5,858,853 449,155 
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I.1 1987 - 1989 Summory Estimated Costs for Non-Stondordizotion (Uninflated) 


1988 Annuol Totol 1989 1989 Non- 1989 Annual 
Nomenclature Costs Est Costs Recurring Costs Costs 

ISOLATORS B.172 5,050 15.729 6,481 
HYDRALIC EQUIP 848,518 W718 7e675 18,677,714 1,059,466 
CAPSTANS 47,702 643,525 296,212 56 ,528 
REELS 7o,eeS 1,564,362 1,282 ,688 Ge7S5 
DAVITS 22,381 241,999 97 ,599 23,581 
CRANES 166,705 1,991,547 915,814 175 ,838 
HOISTS 128 ,564 1,872,749 eg 2.o 7 113,992 
ELEVATORS 97,422 958,549 588,873 62,293 
STEERING EQUIP 45,897 881,818 518,864 47,351 
CONTROL EQUIP 698,575 12,700,628 8,193,564 733 ,504 
WINCHES SOs 5,675,005 3,626,542 365 , 699 
WINDLASSES 48 ,438 616,453 323,943 58 , 862 
FIREFIGHTING EQUIP 183,782 S,10eqa0l 2,202,836 192497) 
LUBRICATORS 25,20¢ 426,885 274,821 24,748 
ENGINES 2,977,939 51,734,013 $2920 965 5 7126,850 
PLUMBING EQUIP 14,241 270 ,398 179,910 14 ,953 
GEARS AND REDUCERS 277-975 4,476,368 2,089,922 291,452 
GOVERNORS 652,482 13,434, 137 6,496,715 818,053 
IGNITION EQUIP 5,676 34,181 18,466 5,859 
EJECTORS 24,187 321,884 165, 831 255597 
EDUCTORS 5,007 198, 172 62,917 Bagg 
STRAINERS 50,918 1, 156,612 828, 147 53,456 
PURIFIERS 499,795 7.02),001 4,377 ,887 430,285 
TRAPS-STEAM OF 2a2 194), 527 134 ,572 gh 725 
COUPLINGS 73,470 1,952 28 995,755 87 ,292 
SILENCING EQUIP 4,193 89,612 So: 007 4,403 
BRAKES 4iols2 791,178 920), 002 43,189 
BLOWERS 80,269 1,519,067 Bu2,708 84 ,872 
WELDING SYSTEMS 114,245 2.002.055 1,264,953 119,957 
BOAT PROPULSION 88,493 1, 0025154 482,812 84,518 
DECK MACHINERY 88 , 840 1,581, 743 WA a= 92,442 
PHOTOGRAPHIC EQUIP 5,696 187,629 70,277 5,981 
UNDERWATER LOG EQUIP 17 ,367 237,888 125,857 18,236 
VALVES 1,868,650 36,943,564 24 , 887,419 1,962,882 
MISC PARTS 2,302,184 40,526,448 25,686,649 2,415, 189 
LAUNDRY EQUIP 1,219,895 25,828,569 16,489,818 igo52,c58 
TANKS . 66,898 782,708 356 , 344 69,423 
Pees nose, & FITTINGS 18,234 120 ,661 99;,025 If, oo5 
ASW EQUIP 95,982 1,565,244 945,786 108,781 
YELLOW GEAR 1,989,877 35,525,024 23,202,889 2 0055571 
PERISCOPES 41,237 638,866 572.015 SERS) 
MISC EQUIP 59,221 1,141,582 760,710 61,972 

GRAND TOTALS 26,060,027 497,467,845 16,719,950 29,415,887 
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Nomenclature 


PUES 

BOILERS 

HEAT EXCHANGERS 
CONOENSERS 
TURBINES 
COMPRESSORS 
HEATERS 
DISTILLING PLANTS 
BATTERY CHANGERS 
METERS 
CONVERTERS 
TRANSFORMERS 
CIRCUIT BREAKERS 
CONTROLLERS 

- GENERATORS 
MOTORS 

MOTOR GENERATORS 
RELAYS 

RHEOSTATS 
SWITCHES 
SWITCHBOARDS 
VISUAL ALARMS 
LIGHTING FIXTURES 
GYRO COMPASSES 
PROJECTION EQUIP 
I/€ EQUIP 


NAVIGATIONAL EQUIP 


INJECTORS 
BURNERS 

MARINE HARDWARE 
REFRIG EQUIP 
AIR CONOITIONING 
STARTERS 
WIPERS 

AUDIBLE ALARMS 
BEARINGS 
INOICATORS 
CLUTCHES 

FANS 

SHOP EQUIP 
REGULATORS 
GALLEY EQUIP 
DEHYDRATORS 
GAGES 

TESTING EQUIP 
FILTERS 

PANELS 


I.2 1987 - 1989 Duplication Reduction Savings (Uninflated) 


Duplicate 


966,459 
193.151 
118,107 
64,808 
927,605 
494,831 
97 ,890 
57,645 
S701 
13,242 
124,815 
7,141 
301,971 
7,436, 175 
182,425 
500,421 
62,827 
98,862 
20,138 
281,844 
332,247 
28,623 
39,449 
2505770 
31,584 
159,247 
118,578 
15,989 
47,264 
7 pead 
270,374 
24,526 
58,817 
19,023 
14,639 
41,757 
168,105 
56,986 
37,724 
196,456 
122,e88 
219,346 
61,278 
125 ,094 
88,167 
272,907 
391,280 


1987 Annual Parts 1988 Annual Parts 1989 Annual Parts 
Reduction Savings Reduction Savings Reduction Savings Reduction Savings 


72,741 
27 , 467 
11,785 
11,074 
167,113 
56,750 
7,799 
20,091 
6,907 
3,717 
17,821 
540 
11,729 
187,786 
101,142 
41,431 
31,653 
2,462 
1,026 
14,322 
17,091 
1,415 
1,583 
12,899 
1,172 
8,543 
13,448 
2,479 
18,824 
4,102 
44 897 
5,751 
12.786 
712 
7,879 
18,285 
13,832 
37 , 269 
4,302 
14,664 
4,566 
27,875 
22,174 
6,521 
11,014 
17,353 
EST 
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76,378 
28,841 
12,374 
11,628 
175,468 
Sonaae 
Bales 
fall | ipe ls) 
7 coe 
3,982 
Weve 
567 
125165 
124,135 
104,981 
43,503 
55,250 
2,585 
1,078 
16,314 
17 , 946 
1,485 
1,662 
13,544 
l22s 
8,972 
15,820 
2,603 
18,766 
4,307 
2 a 
? , 289 
13,425 
748 
S527 
iSe2o0 
14,523 
a6, 0eo 
ero)! 
134.992 
4,794 
29,269 
25,282 
6,847 
dapels 
iS 2el 
Zoe074 


88,197 
38,283 
12,993 
liZ,ecus 
184,242 
62,967 
8,598 
Zen ioe 
761 
4,098 
18,766 
995 
12,982 
150,762. 
V7 ale 
45,578 
34,897 
2,714 
iraloe 
19,581 
18,843 
1,562 
1,745 
14sec 
i2oe 
8,419 
19,766 
25/35 
20,754 
4,522 
o9..lo4 
7,443 
14,896 
785 
8,686 
20,160 
13,249 
48,869 
4,742 
elvong 
5,034 
SOR 752 
24,446 
7,190 
12,143 
18, 132 
25 , 868 


Nomenclature 
ISOLATORS 
HYDRALIC EQUIP 
CAPSTANS 
REELS 
DAVITS 
CRANES 
HOISTS 
ELEVATORS 
STEERING EQUIP 
CONTROL EQUIP 
WINCHES 
WINDLASSES 
FIREFIGHTING EQUIP 
LUBRICATORS 
ENGINES 
PLUMBING EQUIP 
GEARS AND REDUCERS 
GOVERNORS 
IGNITION EQUIP 
EJECTORS 
EDUCTORS 
STRAINERS 
PURIFIERS 
TRAPS-STEAM 
COUPLINGS 
SILENCING EQUIP 
BRAKES 
BLOWERS 
WELDING SYSTEMS 
BOAT PROPULSION 
DECK MACHINERY 
PHOTOGRAPHIC EQUIP 
UNDERWATER LOG EQUIP 
VALVES 
MISC PARTS 
LAUNDRY EQUIP 
TANKS 
fieewenose, & FITTINGS 
ASW EQUIP 
VELLOW GEAR 
PERISCOPES 
MISC EQUIP 


GRAND TOTALS 


I.2 1987 - 1989 Duplication Reduction Savings (Uninflated) 


Duplicate 1987 Annual Parts 1988 Annual Parts 1989 Annual Parts 


Reduction Savings Reduction Savings Reductian Savings Reductian Savings 


em See er er we we oe ee oe owe a ee Se 22S 2S Ss SSeS SS = em mm me ie i a Soe Ss oe S SSeS Sse a= 


6,942 5,878 Se 6,481 
277,553 72,988 81,210 93,765 
49,057 33,766 35,413 37,508 
32,976 5,945 6,572 7543 
27 ,252 17,329 18,174 19,083 
183,039 102,096 197,201 112,561 
106,659 8,231 8,643 9,075 
153,816 10,040 10,542 11,069 
57,152 2,165 275 2,387 
671,183 34,657 36,390 38, 209 
180,490 45, 413 49,027 53,975 
68, 102 26 ,097 27 , 402 28,772 
53,026 11,894 12,489 13,113 
20,567 Als 23535 2,60 
1,752,331 215,639 226 ,421 237 ,742 
17,706 684 718 754 
343,004 - 56,857 59,720 62,685 
217,188 40,230 45,632 54,212 
4,199 3,501 3676 3,859 
59,018 12,303 12,918 13,564 
8,868 3,353 3,335 3,738 
95,616 2,550 2,678 2,812 
AAS 40,538 42,565 44,694 
31,191 807 847 goa 
46,336 20,087 21,366 22,946 
4,498 988 1,038 1,090 
39,838 3,970 4,169 4,377 
99,127 13,148 13,805 14,496 
52,967 5,484 5,758 6,246 
97,566 50,615 53,146 55, 303 
143,231 8,289 8,704 9,139 
6,563 273 287 301 
54,669 7,954 8,352 8,770 
2,700,763 89,912 94, 407 99, 128 
1,166,994 111,582 117,161 123,019 
126,811 58,406 68, 163 84,272 
74,637 46, 494 48,819 51,260 
11,368 7,266 7,630 8,911 
49,698 16,998 17,848 18,741 
135,740 91,683 96, 267 101,281 
99,925 10,939 11,486 12,060 
91,012 3,120 3,276 3,439 
18,828,660 2,372,092 2,521,696 2,724,449 
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APPENDIX J: INVENT ORY DEPTH INCREASE 


Appendix J provides the estimates for the number of parts that can be 
added to inventory depth based on the standardization assumptions described 
in Chapter IV. It is in two parts. The first shows the potential 
inventory increases resulting from savings achieved by reduction of 
duplicate parts currently in the system. It also provides the inventory 
increases that result from savings realized by standardizing parts entering 
the Navy Supply System in 1987. The second part continues the latter 


assessment for 1988 and 1989. 
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Potential Inventory Increase 


Cost/ Inventory Dup Ports Dup Addnl 1987 Annual Total 1987 1987 Addnl 

Nomenclature Part Range Funds Avail Parts/Range Funds Avail Funds Avail Parts/Range 
PUMPS 527. 31,458 604,037 0.830 499,614 4,488,481 e222 
BOILERS 192 059 1Oge/ 9.695 50.796 442,521 6.411 
HEAT EXCHANGERS 856 OyoO0 68,817 8.028 27,759 286 , 996 0.282 
CONDENSERS 944 795 48,505 0.820 11,349 72,000 0.0835 
TURBINES e628 <25,566 5791759 0.817 200,458 1,570),578 0.040 
COMPRESSORS 238 3=615,554 309,278 4.869 238,629 Z020./72 0.564 
HEATERS 208 3,154 §0,681 4.976 43,333 568,639 0.712 
DISTILLING PLANTS 964 1,280 36 ,028 8.824 20,427 2d 112 0.081 
BATTERY CHANGERS 225 1,088 235,188 4.979 20a? 217,239 0.738 
METERS 888 eed 8,276 0.0823 5,142 e2,915 0.147 
CONVERTERS 359 5,770 78,010 4.847 51,780 509,996 0.309 
TRANSFORMERS 388 220 4,463 0.843 740 12,448 8.120 
CIRCUIT BREAKERS 28 9,928 188,732 0.567 74,416 881,684 2.647 
CONTROLLERS 31 47,248 897,610 0.506 698 so97 72769 ,785 4.382 
GENERATORS 4,429 2,992 114,016 8.007 119,881 810,167 0.850 
MOTORS Boye 177018 be yay 4516 0.823 245,244 B42554792 8.221 
MOTOR GENERATORS 2,114 Wadia: 59,267 8.815 24,513 181,428 6.837 
RELAYS 43 ozo 36,789 3.368 14,507 192,056 los 4e: 
RHEOSTATS 131 636 12,981 0.124 1,983 21,0951 8.212 
SWITCHES 181 9,260 175599 0.155 98,387 1,265,543 1.716 
SWITCHBOARDS 481 18,646 207 ,655 0.833 59,652 628,413 0.101 
VISUAL ALARMS 82 923 17,898 3.196 3716 70,063 3.767 
LIGHTING FIXTURES 23 1,294 24,656 0.682 9,486. 126,061 3.485 
GYRO COMPASSES 154 7,007 149, 860 0.104 42,049 423,880 0.295 
PROJECTION EQUIP 0 1,042 19,742 0.000 7,018 85,768 0.000 
fC EQUIP 152 5,144 99 ,529 0.185 Sch 74596) 489,650 0.432 
NAVIGATIONAL EQUIP 9 5502 ee) i 1.674 84,559 942,885 22.835 
INJECTORS 60 462 975945 8.297 Baor 46,727 1.595 
BURNERS ok 981 29,540 8.862 US) eas 20.095 0.254 
MARINE HARDWARE 172 3,146 66,787 0.892 16,374 196 , 423 8.299 
REFRIG EQUIP g55 8,518 168 ,984 reals 224,208 2.589 , 888 0.253. 
AIR CONDITIONING 265 670 15,329 J.971 SIG Sis) 198,836 0.925 
STARTERS 263 1,629 36,761 0.071 25/7/72 244 ,972 8.473 
WIPERS 4 623 11-877 3.600 4,202 48,463 14.688 
AUDIBLE ALARMS 586 248 9, 152 p2052 JG oSIS 68,377 0.388 
BEARINGS 2.921 790 26 ,098 4.809 14,559 69,863 8.225 
INDICATORS oy 5,482 185, 066 0.120 88,643 947 , 836 1.080 
CLUTCHES 555 694 35.016 8.027 29,966 128,010 0.298 
FANS 1,195 1,146 fae oY gy a §.014 ASICS 165,618 4.299 
SHOP EQUIP 156 6,416 122,785 0.161 86,589 1,049,879 0.865 
REGULATORS 65 3,978 76,430 8.243 21,067 228,859 8.729 
GALLEY EQUIP 495 6,962 137 ,891 0.833 135,457 ie 16,107 0.362 
DEHYDRATORS 748 1,959 38,298 8.031 26 ,548 188,498 0.146 
GAGES 261 4,865 78,184 0.261 33,143 430,759 0.355 
TESTING EQUIP 141 2,548 50,105 0.114 55/059 603,178 ieo7c 
BLETERS 198 8,908 178,598 8.883 99, 398 1,155,911 0.566 
PANELS dade 125795 244 ,425 0.299 134,417 1,949,489 0.627 
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Nomencloture 
ISOLATORS 
HYDRALIC EQUIP 
CAPSTANS 
REELS 
DAVITS 
CRANES 
nClSts 
ELEVATORS 
STEERING EQUIP 
CONTROL EQUIP 
WINCHES 
WINDLASSES 
FIREFIGHTING EQUIP 
LUBRICATORS 
ENGINES 
PLUMBING EQUIP 
GEARS AND REDUCERS 
GOVERNORS 
IGNITION EQUIP 
EJECTORS 
EDUCTORS 
STRAINERS 
PURIFIERS 
TRAPS-STEAM 
COUPLINGS 
SILENCING EQUIP 
BRAKES 
BLOWERS 
WELDING SYSTEMS 
BOAT PROPULSION 
DECK MACHINERY 
PHOTOGRAPHIC EQUIP 
UNDERWATER LOG EQUIP 
VALVES 
MISC PARTS 
LAUNDRY EQUIP 
TANKS 
PIPE, HOSE, & FITTINGS 
ASW EQUIP 
YELLOW GEAR 
PERISCOPES 
MISC EQUIP 


GRAND TOTALS 
Ave Depth Inc 
Ave # Ports 


Cost/ 
Port 


588 


Ronge 


125557 


88,881 
38,368 
a .e7 
$55 
1B, 
942 
4,468 
2,978 
2900 


988,657 


Inventory Dup Ports 


LE | 
173,479 
50,661 
20,619 
17,052 
114,339 
66 ,662 
96,185 
Sonveo 
419,489 
112,826 
42,564 
33,141 
12,854 


1,995,207 


11,866 
214,378 
135,743 

2,5c0 

36,886 

5,943 

59,762 
ide ,086 

19,494 

28,960 

2,811 

24,899 

61,954 

33,104 

bu .972 

39,529 

4,182 

34, 168 


1 eas que7 


72974 
783757 
46,648 

7,109 
25,436 
84,837 
62,453 
36 , 883 


11, 767,95 


0.023 
13,154 


Potentiol Inventory Increose 


Dup Addnl 


150 


3,674 
248,345 
PALS S| S)9) 
22,474 
12,072 
Sole 
34,883 
2O2e7 
14,898 
218,748 
95 ,874 
ee.on | 
98,414 
7,769 
Joo 7e76 
4,452 
122,379 
186,746 
2,188 
11,043 
2,652 
15,949 


134,631 


3,009 
265017 
Whaoe 
13,482 
27,950 
S057 le 
39,774 
285725 
1,781 
7,600 
984,243 
719,424 
349,948 
34,281 
Secor 
33,878 
997 , 267 
15,691 
18,541 


8,464,941 


0.016 
9,462 


1987 Annuol Totol 1987 
Funds Avail Parts/Ronge Funds Avail Funds Avail Parts/Range 


8,126 


2,496,349 


G5 162 
243,531 
39,442 
341,193 
B67 72 
184,647 
158,991 


2,916,436 


886,249 
108,723 
626,111 

84,644 


19,171,638 


94,323 


~ 861,581 
1,996,276 


Soe 
57 0c. 
13,016 

242,875 


1,375 ,5029 


49,131 
239,680 
17,844 
1394527 
295,489 
394,262 
W757 27 
3125527 
21,482 
Go/,025 


7,494,861 
8,892,220 
57a ee 


135,927 
20,817 
301,958 


7,685,754 


121,364 
250.295 


995957 20) 


8.175 
191.872 
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Nomenclature 
PUMPS 
BOILERS 
HEAT EXCHANGERS 
CONDENSERS 
TURBINES 
COMPRESSORS 
HEATERS 
DISTILLING PLANTS 
BATTERY CHANGERS 
METERS 
CONVERTERS 
TRANSFORMERS 
CIRCUIT BREAKERS 
CONTROLLERS 
GENERATORS 
MOTORS 
MOTOR GENERATORS 
RELAYS 
RHEOSTATS 
SWITCHES 
SWITCHBOARDS 
VISUAL ALARMS 
LIGHTING FiXTURES 
GYRO COMPASSES 
PROJECTION EQUIP 
17C EQUIP 
NAVIGATIONAL EQUIP 
INJECTORS 
BURNERS 
MARINE HARDWARE 
REFRIG EQUIP 
AIR CONODITICNING 
STARTERS 
WIPERS 
AUDIBLE ALARMS 
BEARINGS 
INDICATORS 
CEWTCHES 
FANS 
SHOP EQUIP 
REGULATORS 
GALLEY EQUIP 
DEHYDRATORS 
GAGES 
TESTING EQUIP 
BET ERS 
PANELS 


1988 Annual 
Funds Avail 


430,095 
53,336 
29,146 
11,916 

210,481 

250,561 
45,500 
21,449 
22,141 

5,397 
54,369 
777 
78,131 

804,687 

117,940 

257,506 
25,843 
15,233 

2,082 
103,217 
$2,632 
5,000 
9,960 
44,151 
7,999 
40,166 
99,851 
5,289 
28,805 
17,718 

254,757 
20,301 
28,112 

4,412 

9,866 
15,287 
84,675 
31,464 
11,463 
81,767 
22,436 

142,208 
27 ,981 
34,801 
58,315 

104,360 

141,138 


Potential Inventory Increase 


Total 1988 


4,764,586 
464,647 
303 ,470 

76,618 

1,439, 187 

2,662,561 
603,482 
127,168 
228 ,823 

Son7 | 
935,495 
Spe 
851,909 

Gyoo2, 007 
702,00¢ 

3,434, 103 
106,835 
203,821 

Beno | 

1,463 , 983 

BG2,co4 

74,237 
133,781 
445 ,074 
90,057 
450,132 
3 4075 
49,042 
127 ,843 
207 5759 

2,966,594 
209,747 
207 «218 

oi, 110 
72,168 
75,055 

1,001,228 
134,336 
176,698 
997 ,/08 
240,502 

7,939,478 
ieoeo25 
457,142 
635,097 

l,29 1,086 

Wes o ole 


1988 Addnl 
Funds Avail Parts/Range Funds Avail 


NM 
cn 


os 
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A Aa QAw BBR BB QAQBagpcreFrian uanudsaei2a°2_ed~dNsAa FB 


Sa Aa Aa a 


a ce a i i Jk, ja She ic ees, ia | 


Sy 


451,600 
56,003 
30,603 
12,512 

221,205 

263,089 
47,775 
22,521 
23,248 

5,667 
57,088 
816 
82,037 

977 ,506 

168,877 

270,381 
27,136 
15,994 

2,186 

123,815 

65,764 

6,300 
18,458 
46,359 
8,399 
42,174 
125,395 
5,554 
21,846 
18,604 

323 ,419 
21,317 
29,517 

4,632 
10,359 
16,251 
88,929 
33,037 
12,036 

130,703 
23,558 

149,319 
29,380 
36,541 
61,231 

109,578 

148,195 


1989 Annual Total 1989 


4,933,731 


487 , 880 
321,800 
80,904 


Ho, B63 
gyi d2 002 


648,766 
135, 5co 
241,298 
559,560 
562,270 
14,448 
984,127 


15 873.717 
1,308 , 262 
5,646 , 356 


112,548 
216,409 
24,221 


ieee 6 


6398 , 699 
70,632 
142,840 
467,327 
oao0o 
451,639 


1,393,849 


91,495 
ERIS 5) 
clgi770 


5,006, 168 


221,502 
276,879 
93,914 
76,190 
774209 


1,057,944 


141,683 
16eyos5 


1,612,280 


2925917 


1,687,843 


198,993 
485 ,373 
665 ,603 


sO so 
W725 .oe6 
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Funds Avail Parts/Range 


Nomenclature 
ISOLATORS 
HYDRALIC EQUIP 
CAPSTANS 
REELS 
DAVITS 
CRANES 
HOISTS 
ELEVATORS 
STEERING EQUIP 
CONTROL EQUIP 
WINCHES 
WINDLASSES 
FIREFIGHTING EQUIP 
LUBRICATORS 
ENGINES 
PLUMBING EQUIP 
GEARS AND REDUCERS 
GOVERNORS 
IGNITION EQUIP 
EJECIORS 
EDUCTORS 
STRAINERS 
PURTFIERS 
TRAPS-STEAM 
COUPLINGS 
SILENCING EQUIP 
BRAKES 
BLOWERS 
WELDING SYSTEMS 
BOAT PROPULSION 
DECK MACHINERY 
PHOTOGRAPHIC EQUIP 
UNDERWATER LOG EQUIP 
VALVES 
MISC PARTS 
LAUNDRY EQUIP 
TANKS 
Piee, HOSE, © FITTINGS 
ASW EQUIP 
YELLOW GEAR 
PERISCOPES 
MISC EQUIP 


GRAND TOTALS 
Ave Depth Inc 
Ave # Parts 


Potential Inventory Increase 


1988 Annual Total 1988 
Funds Avail Funds Avail Parts/Range Funds Avail Funds Avail Parts/Range 


—_h 


3,858 
298,540 
29,974 
25,743 
12,674 
S509 
S5.0¢7 
Zi, eos 
14, 383 
223,670 
1089, 428 
23,700 
Bigooo 
8,197 


001,562 


4,675 
185 ,398 
218,161 

ARPAY | 

hi,o9o 

2,854 

16,746 
141,363 

5. 199 
29,636 

i655 
14,157 
22,020 
5/001 
41,762 
30 25¢ 

1,870 

8,037 
615,459 
75 J 99 
482,518 

So, 12 
9,920 
Sono7 2 
626,920 
16,476 
19,468 


9,096,270 


Q.217 
9,077 


B5599 


2,946, 147 


92,83e 
281,767 

47,563 
538,199 
585,991 
195,879 
166.346 


2 pOo4 002 
1,829,386 


114,159 
657,417 
G3,938 


18,680,220 


97,411 
904,660 


25541, O94 


sa (7 
60,753 
WA355 

Zag 007 


1,444,325 


42,659 
288 , 060 
18,787 
169 ,031 
268,264 
413,975 
184,432 
536,048 
22,667 
45,489 


7,942,954 
8,400,231 
4,486,568 


141,961 
22,007 
517,206 


7,485,028 


127,435 
243,783 


$8 , 080,683 


2.180 
184,414 


1988 Addnl 


— 
ea 


= faery fee) ee es fer] den 


Ihsy2 


4,052 
360,385 
29,584 
S15 015 
13,907 
69,375 
38,458 
22,50! 
19,943 
241,162 
131,148 
24,885 
64,401 
8,965 


1,051,438 


4,908 
110,668 
276,083 

2,412 

14515) 

3,164 
17,984 
148 , 431 

Spo17 
34,449 

V2A7 
14,864 
30,883 
532576 
43,850 
31,744 

17365 

8,439 
644,128 
733,05 
005,009 

57,707 
24790 
37 59.1 
658 , 266 
17,508 
20,441 


18,843,855 


8.818 
18,183 


1989 Annual Total 1989 


S953 


5,697, 178 


121,958 
343,730 
43 ,807 
376,667 
484 , 807 
205.575 
175,188 


2,881,649 
1,264,442 


119,867 
690,288 
94,446 


11,214, 231 


68,695 
949 , 893 


2,912,000 


9,683 
63,998 
22,201 


- 276,382 
ino ibaa! 


45 371 
345 623 
26,016 
179,177 
281,677 
434,674 
194,729 
348,534 
25,925 
47,763 


8,421,447 
8,820,243 
9,633,421 


149 ,Q65 
25272 
552.900 


7,909,169 


133 , 804 
200, leo 


109,818 , 840 


0.192 
118, a2 
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APPENDIX K : TECHNICAL DATA MODEL*?* 


NSLC developed an approach to objectively determine the value, to the 
government, of purchasing technical data. The following model provides a 


method for economically assessing the feasibility of acquiring data. 


Bystem Life (SL). System life, as the name implies, is the 
equipment’s life expectancy. Part life (PL) is the part’s equivalence to 


SI. 


Replacement Rate (R). The replacement rate is the ratio of system 
life (SL) expectancy to part life expectancy (PL). The formula is: 
RS (SIE Meee, 


Population . CEO The population includes all installed and 
replacement quantities, and is a function of the Replacement Rate (R) and 
Life Expectancy (L). Therefore: 

TAO =e wale) 


Interest Rate (IR). Interest Rate is the standard government planning 
figure of 10%, therefore: 
=e 


123 Unless other noted, this section was taken from Mr. Richard 
Jones’ paper, H,M&E Standardization. 


WSs 


Unit Price (UP). The price per item is a function of the time value 
of money with the current price and interest rate (IR) as the baseline. 
The function is: 


UPRs= sia) 


Savings from Competition (SC). DAR Supplement 6 states that the 
government realizes a 25% savings from competition, so: 


SC = 0.25 


Obsolescence (O). Obsolescence is a factor that ranges from 0.0 to 
1.0, and is developed from the following formula: 
OQ = Number of Years for Part Obsolescence 
= 
The default value = 1.0. 


Testing and Tools (T). Testing and tools are the variable dollar 
costs for the total investment for special test equipment, tools, and other 


related costs. 


Technological State of the Art (SA). This element is a measure of 
sensitivity to the stability to the industry. it directly reflects the 
technological currency of the equipment and ranges between Q.0 and 1.0. 
When there are fewer suppliers for outdated equipment, there is a greater 
stability risk, and the value wiil be cioser to zero. As SA ig related to 
the number of manufacturers within the industry (B), it can be measured 
as: 


Sele ele ie 
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The default value is set to 1.0 since procurements are assumed to reflect 


current technology and are therefore low risk. 


Potential for iteececaiat Applications (CA). CA reflects equipment 
applications within the civilian sector. Assigned a value between Q.0 and 
1.0, a number close to OQ indicates that the equipment is common and 
readily available. The lower the percentage, the higher the potential for 
competition. The value of data ownership decreases with commonalty. CA 
is assumed to be inversely related to the number of APL’s (Z) (i.e. 


substitutability). The formula is: 


CA = ve 


Model Formulation. Since the model computes the savings accrued 
through data ownership, the number of parts purchased following delivery 
of technical data must be computed. Part population over the lifetime, 
(POP,), equals the added parts installed following initial procurement, 
ce OP,), and the replacement parts purchased to support ail installed 
equipment, (POP,). It is assumed that following initial deliveries, 
procurements will be competitive and therefore the need to include POP,. 
The formula is: 


POP, = POP, + POP, 


POP, is computed from the formula: 
POP, =3: 
1 EX 


where y denotes succeeding years, and 
A is the quantity that will be added to the population each year. 
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POP, is computed as: 
POP, = EX -y(R) 
where i denotes initial (as in initial procurement), and 
A, includes all equipment, both initial procurements and follow- 
ons. 
Since part life (PL) is the reciprocal of the part replacement rate, 
or: 


PL = 1/R 


Since 1/R equals Best Replacement Factor (BRF), then BRF is 


substituted in the equation for PL. 


POP, can then be restated as: 


POP, = [3X,,,](BRF)(SL) 


ity 


The price of the part in any year following first deliveries (Fa) iS a 
function of the initial Unit Price (UP;) and the interest rate (IR). The 
price for the part then becomes: 


P, = UP,(1 + IR) 


With this background, the formula for computing the potential savings 


exe +2X,, (BRF)(SL)[UP,(1 + IR) ](.25)(O)(1-1/B)(1/Z)-T 
ae are 


If the price of the technical data package is less than the savings 
computed from the tormula. then it is cost-effective to purchase the data 


rights. 
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The same formula can also be used as follows, to compute the value 
for a piece of equipment since it is really the sum of its m component 


parts: 


S{BX, +2X,,y(BRF)(SL)[UP,(1 + IR) J}(.25)(0)(1-1/B)(1/Z)-27. 


The only difference between the two formulas is that the latter 
uses {(SX, +5X,,,(BRF)(SL)[UP,(1 + IR)’ J} to compute the sum of 
y= y+o 


the parts before applying the remainder of the equation. 
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